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ERRATA SHEET 

August 12, 1960 

Subject: Symposium on Solar Cell Power Systems for Space Vehicles -
Meeting Uoteo dated l·1ay 3-4, 1960 . 

The follo~f.lng chenees should b~ incorporated in the subject report: 

Pag<.:l 48, let po.ra. Change to read "The resin that is ueed on the 
Ranger solar panel a is GE 'a silicon rubber RT'l 60 for the bonding 
agent for solar cella to B\lbstrate, and Furan0 e.: Plastics 15E reain 
is uwd to bond CLass alidea to the cells." 

Par..e 72, lat line. Change "18 or 19" to read "16 to 18". 

Page 74, 12th line. "Tae vehic1~: i:J dcsie;ned t.o operate ct!Lbilizcd 
only by sp:I.L-inc. '7 ohould raad "The vehicle is spin-stabilized for 
seven days only. " 

Far:e 74, 19th line. Chango "r.:!charcod" to "D:!.ccho.rc;.?d". 

Fa~·~ 75, let line. Chanco "io shotm in Fie. 55" to rc:ad "is sho1m 
on page 169." 

Fo.r.::·~ 75, Sld po.ro.., 3rd line. Ch!;!ll(;·::l "U'l r.Jfloctiv.:! cont,JlC" to 
read "uv ab:::orption con tina". 

Farra 75, 4th para., 2nd l:lnc. C'tlniJ::;o "hold the cJ.acc" to r~u!i 
"hold the cello" end "of tho ccllo11 to ~nd "ot' tho cJ.o.oc." 

Fa!'?! 76, lot l:!.no. Chnnc;0 "tho em 'b:J.tt~ry :i.e nictel cafu".l:ltl!l" 
t.o r0o.d r.the rcchnrc·::Jd l:att{!dco arc nicl:ol c:::tl!:lil.S. 11 
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, • J t Pal."A • • -:ww~ to read as follows: l , .• ~ ... /.7 ,_ . _£1 • }- .. -

"a. 144: For this particular satellite, the first of 
the Courier series of .!vnu•Jntt1<:>ation satellites, the planned 
orbit will have a puh-.d of 109 minutes, 70 minutes light 
period a~~<1 ... ""'"'Jdtllll dark period of 39 minutes at an altitude 
of r;oo miles. A progrwn of iut.en ... >gut1ons will be conducted 
t<) ~valnal;c l..he l'el·~'<•lmtou...:., .:J:f' the ccmum•1··tot1ous system. 
n •. , pde.k J0e.d is :?ltb watts and the average or "/P,J.rt-1JJn<Jns 
loa<l is 12.2 watts. 'lbe dt!alp;~. VIJlt.age is 28 -~volts. 'lllP. 

-pe!lk 1•<>""': •u•dlable from the BuliU· puwt!r snvply will be in 
the order of 6o watt.s minimum. Due to limited sprsc~ t:t.va11-
able for the solar cells on the 51" diameter sphere 1 the 
power capability of the solar power supply is rather limited. 

b. 144: 'lbere are a total of 19,152 lx2 em solar cells 
in the power supply. '!bey are arranged in 228 moduJes, each 
having 84 cells 1n series, 1n 7 cell shingles with 12 shingles 
per mvd•tle. '!here is a blvddr.es tl'!ooe fnr each module. '!bel'!'! 
•no 114 In<,d•ll ell, :ILL l'"-l'u11Pl { for 1att.el"Y A and 114 modules 
frJ, l>b.l"-<-r:r B. ( ~e Fig. 56 J '!be mt~ximum power capabilit'y 
vill be in 1.1.~ area of the equator. Batt.~>rJ-SuJ a:r !:'ell con
nections are ahCJVL in Figure (57). 

c. 144: 'These ·particular batteries are rated -at 12 
eJT•T.t!r<:: r.vxrs 'IIi th 22 cells in series (actually two 11 cell 
1: · · ' \ iL series. They are similar to the batteries developed 
'- · · · · .<;t:1 •1.ril have a p:ress•rre relief valve set at 200 psia. 
T·. : ·- • 't:.teir (Fb.ilco) the:nn&.l analysis .• they don't anticipate 
l " :.r t·::l'll:?-ret,lres h 1 gher than 900f. Solar cell and batterJ 
t· .. .;err:.tures, charge aul disch'l.r~;:. vo:..ltll.t,ts ar1n .:urr,.nts vJ.ll 
be moni tared. '' 

Page 78, last para., next to last l:I.Ll.... ,,,,.,,~!" .... , .. 1 ,.,~ ,,, •. ., .. "," 
to read "and skin to ·spheie1

'. - -

Page 79. 

a. 'Ihird Fara.grar.h - t)Aillller"t made by 156, not ]l1h. 
b. Fourth Paregxa-ph- C<..'IJ.XrPll~ lllfo·l" h_y l"i7, ,,._,t. ~7. 

2 
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Pages 88, 89 and 90. Delete and substitute attached pages. 

Page 91, 1st line. Should read "XI. Radiation Demage (data 
from J. A. Van Allen)". 

Page 9lfr Chart, last line under "Particle Type:' Change "180 dev 
protons 1 tO read 11100 keV protOnS II, 

Paf'! 92, 2nd line. After "(Per Nature (London) 184" delete "219-
22 -(1959)) II 

Page 93 1 last line. Should read "Excerpts from J. A. Van Allen 
Mem to N.A.S.A. regarding solar cell protection from NASA 
payload S-46, which later failed to reach orbit. 

Page 131, Firre 54. Change "10 D cells Ag!.7.n" to read "10 D 
cells Ni-Cd. 

encls: Revised pages 88, r9 
and 90 of subject report. 

MAT-60-5 
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XI. Discussion of Radiation Damage to Solar Cells -

Dr. W. C. Cooley, NASA, Washington, D. C. 

138. I want to outl:i..ne some of the problems of radiation 

damage to solar cells as I see them. Basically, they fall into 

three categories: (1) What do protons and electrons do to a 

solar cell; (2) what is the flux of protons and electrons in 

Van Allen belt and (3) what do you do about it? One of these 

points is covered in data by Rappaport and Lofersky of RCA who 

found that with protons at 17.6 t.fev energy a bare solar cell 

will degrade to 75i of its output after an integrated flux of 

3.5 x 1010 protons. This is a very high energy proton and we 
cm2 

do know how many protons are above this range in the lower Van 

All~n J:.elt. The measure~ents made so far measure only electrons 

aJ:.ove about 40 l·1ev. The otl:ler data from Iiappaport was f::>r 1. 7 

l!'.ev el·~-::trons '!ith a total dose or 5 ;-: lol3 electrons/cm2, the 

sol~r ·~ells will suffer t. 25i degradation. Dr. Shclte>n, in his 

H•mtsville studies_. has rca.tle an anlll:1sis tr:· predit?t the life of 

svl!!r ceJ1 ~ in the radiaticn 1:-elt, taking into &ccount one set of 

film pa·~:~ datJJ. on th·~ Drl'ltone l'~· Freden and Ubi tP.. The reference 

on the emulcion mear.u!"en:ent is Ph~.rsical :1eviE:w, ~tters to Editor, 

Vc·l 3, Uo. l, P 9, ,J•ll:r 1, 1959- These pro-rons are in the middle 

ol' the inner Van /.ll~n t~lt at an altitude r:f 12C•') Jr.rls. In the 

questi·:on of whet is up there are t-.m factors; one, wh~t is the 

flux of protons and ele-::trons: and what is their en<?rg:r distribution 

as a function of ~-ton:"" {c.8ee Fig. 61) PosHions of the lover 

es 



end outer Van Allen belt are f'a1rly stable 1 but there is a problem 

of time variation of the outer belt due to such phenomena as 

solar flares. '!he flux of solar-flares sweeps out the outer 

Van Allen belt and you then· ha~e a fairly low density in that 

belt, but then it builds up again. We have no idea what the 

low energy proton density is. lle think both belts are 

electrically neutral; i.e. 1 the number of negative and positive 

charges are equal, but their veJ.ocities, and hence their fluxes 

will be different. Electrons and protons are reflected between 

the North and South poles, due to the magnetic mirror effect 

Regarding protection for cells 1 you have heard date. from GE 

on the use: of glass 1 and it looks like q_ua;:-tz or cerium glass is 

a possibilit~·. For a 24-hour satellit.4> no one vill we a firm 

eetl!:!!et"' 1 h11t possil:>ly 4o 70 !'llils of P"les:; will proteet for 

7.,o years in a 24-hcur orl:i t Ihis i[. not e firm ettilr.atc. 

phenomenc.r •• [!' the ~c:11c rtUl h·:>t rm•)ljrh. The r~;~diation dmaage 

the p-n juncJ:iQn, whic-h d~{'r.Flde a the rninorit:t ~arriE'r Hf~time. 

'r.ait resul +s ori."!lar11:; in rt loss ljf current carrvinr capa·~i t:v of 

ll '::ell. 1,'sn Pllen fC•int..ed 01Jt that it. t-'J.{(!!.; F.. thicJr.nP.SS of r~ass 

o.r 21:0 rnilligra-ns per square ~m to r.top 7eo kev elertrom=, and 

that veight. eorresp(:>nds to 11dd ing Rbout on~;: ha.l r pc·und equal'"! 

foot ~n the area. 

147. If YO'l put rjl)re ru1d :more mass on frc-nt, it m'3:r tee orne 

th-:: litructural member. but y•:. 1.1 still have to hav~ equal protectton 

fore and aft. 
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138. We want to get experiments going on cells with or 

without glass protection at various proton energy levels going 

dow to 200 kev and some further checks of the protons at 10 mev 

and 20 mev. 

147. An additional problem of irradiation in the shadow 

zone must be considered. In this condition you cannot make use 

of high temperature annealing. Therefore, when the vehicle 

reacquires the sun, both a thermal shock and annealing process 

will have to be ~arried out simultaneously. 

168. lfe also need the intP.grated flux through these belts. 

147. Are you familiar with the nuclear emulsion recovery 

package? 

13£'. .A little; they will Give us sme data 

147. Its general ohjective is an explorato:r;1 flight to 

measure' 10~1-enerc: particle density. It is scheduled fo:r- flight 

ln lerc than ll. y~;:nr. '!he other +.h ink would l:-".' to r~:t s.:m~ 

on "~:lv: skin t!v~+ "..ill mee:.ur>: ...,hat happens ir. th•! t'i r::;t f.~w 

milligrams of thic~~ess. 

1~~. Bloom of livermote h~s recently ~iven a pap~r on 

s0lid-E1tate scintillation counteres. ~.'e hav~~ her€' & hrc-ed 

researl!h area - we wrmt to get p.:oin€' ar.d \l'e need e:q:·eriments on 

curr".'nt flights to e:t:t meas,.l~I:lents up there and a }-ol::ttf'r idea 

of. ho·.~ t.o proi:ec':. cells withr,ut adding one -half pound of glass 

~r 6quare foot to the skin. 

90 
-fEC.-I::;'r 
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PREFA2E 

'l'he purpose of this symposium was to bring "t:ogethf::· t.hE> ':!ngin~;·ers 

responsible for co::cE:iving, d=vc:.l.opi:lg and ::onst:-u:.ti.:1g t.h~ solar .::~11 

systems for U. S.space vehicles w!!i..:h hs.ve ocen flow~ cr are to be 

resea:-c~ and developmect progra;ns ar::i out5tar.ding pro'b}en:s atsoc:iatE:d 

wilh these systems. Tb: symposi\UI!. ~0rE ttu!'l m:t rr:y expc::t'it ·.ons b,:::ause 

of the free exchacg£: of i:<forll'.?.t!or. d.'::).d. p<·!"'SF:"·t•.:r'l:::o:: of s,;vE :il of the 

. participants. 

d~velopme;nt o:.- compon~C-:;.ts c.:-- sy.n-::ns. :i <. :r.pt wa:: :n'l.:'!e at t.h-: m,r:-~t.ir.:g 

The report was develop1=d with s.::m~: ~ •lit j_r_g d.S it •.::&.lT.'.:' f!"Or.l t ~e tape. 

refers to a part1.-.:1p~nt listed o:-, p~z:- · ·. Tr.• !!"!":€ ·_ ing m i rt:po:rt. 

was arranced <::.c;:ord'r.g tc. sr,~:.if~-- .:::p:~:.,-. v:-!::.Fi.• s C::r:.ai:J. :ata aed 

figures show~. are not e:ompl-:;-t;f: .<u::l i:. so.i:!E- .>:..:.lee. :-.ot :-:i£hly _,: .. ~-u::-ate. 

In the int~rc-st of q_ul,~kly p:-ovicL:--.g t.r.~ u;fonra-.: ic·: .-,·ctnl!".'= :, · thf, r~po:rt 

well as for tho;:;~ who a:re ir.~e!"c·stf:d. in :r:!.~ i .-:~lly .cv~lu9.ti::.(' the solar 

cell-nickel r~admium pow-r sys·c::r.:; 

It is req~ested. U:3.t tl~OSt' r.o::.~ :;hn i. i p.:, :::.5 who navt.' :r. f'or:nat io:l 

which was not madP. availablf·· at tr: i::; SJ"lipos iU!l'l S!1vul.i p:-::p~r-: a b:-ief 

pa.:per with data, gr::r.phs ar1d pi'.tu:-.•s for u .. lusJ.or; 10"'. ~:, "'cid~r;dum 

BEST 
AVAILABLE COPY 



to be sent out iu approximately two to three months. Those participants 

who feel th:3.t more complet.e and accurate material can be furnished than 

that Given at the symposi\un as found in the present report, should also 

prepare a brief report •rith respect to their work. These briefs should 

be sent directly to (N. W. Snyder) for arrangement in an addendum and 

distribution. Where possible, copy dtrec:tly on mats wou1d be 

preferable. 
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Introduction - Dr. Nathan w. Snyder - ARPA 

It is becoming more apparent that the electrical power supply for 
space vehicles is an important consideration in designs of that vehicle 
particularly where requirements ·are several hundred watts and up. Ori
entation of panels of solar cells is needed, othervise unwieldy large 
surface areas must be incorporated in the design. Reliability of orien-, 
tation systems which have not been operated as yet is still to be estab
lished. Furthermore, the nickel-cadmium battery as an electrical energy 
storage device for use in partly shadowed orbits does not appear to be 
as reliable as required (one to three years) particularly for low orbits 
where cycling (charge and discharge) occurs every 90 minutes. 

There are space flights which may require a short period of operation 
only and tterefore can use other than solar cell-battery systems. Research 
and development is proceeding 'With solar concentrator•heat engine and 
nuclear power systems as well as research in special fields such as electro
chemiC'&.l, th rmoelectric, thermJnic 1 photoemissive, photovoltaic, dynamic 
engine en~rgy converters in order to provide more efficient, more reliable 
or more cor.r.pact and lightweight power systems. 

The power sy~tea Which is primely considered for specific space 
vehicles is the solar cell-nickel ca.dmiUlll system. Strong backup is being 
supplied by the nuclear systems (isotope or fission) particule.rly in tei'IIlS 
of reliability for small or large power or compactneds for large power. 
There are many curves and charts available which show, paremetrically, 
regions ~ere solar cells, nuclear isotopes, nuclear fission, solar
turbomachinery, and other combinations systems apply as a function of 
KW/LB, KW and duration of operation. The fallacy o~ r!'lying too much on 
such p!Otb i& that there are many other factors which affect a choice in 
a. power syE-tem such as nuclear hazards, launch forces, Van Allen radiation 
and reliability. (See "Space Power" by N. w. Snyder, Proceed. 13th Annual 
Power Sources Conf,, Sig. Corp, May 1959 for soae further discussions.) 
For example, at 10 watts, the solar cell-nickel cadlli\111 systeDt for a low 
orbit vehicle appears more feasible than a radioicotope-the~electric 
power source. One factor which appears overriding, though, is that the 
reliaMlity of t'he isotope powered system is much greater than thll.t for 
the solar cell system primarily because of the batteries vhtch have not 
shown long cycle life time. I'm sure that discussions today and tolllOrrow 
will clarify this issue. One must be careful on the choice of A paver 
system based on availability, reliability, and space vehicle system inte
gration, Failure of a space vehicle due to the power source involves a 
prorated cost of the 'Whole cost of launching, boosters, etc. 'Which tJay run 
as high as 10 or 15 million dollars. At the present ti11e, the only power 
source which has been available is the solar cell-nickel cadJilium one but 
s. low powered (5-15 watts} radioisotope-thermoelectric (Snap 3) 6 months 
to 1 year lifetime syste11 can be furnished also, Fission reactors with 
thel'IIOelectricity or turbomachinery will not be available for two to four 
years. 
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A1J higher power requirements are specified in the range of say 3 KW 
to 300 KW, the solar cell systems appear more difficult to handle because 
of size and difficulty of orientation as well as increased problems with 
batteries. The nuclear reactor program will provide for such power 
requirements. The AEC is developing the Snap 10, a fission-thermoelectric 
system at 300 watts which has no moving parts, the Snap 2, a fission
turbomachinery (using sodium and mercury) at 3 lW to lOXW is now under 
ground testing. NASA and the AEC are developing the Snap 8 a growth 
version of Snap 2 but at 30 KW to 6oxw output which is now being started. 
The Air Force will study in detail a 300 XW fission-turboelectric system 
with several new features (using Lithium and Potassium) for future 
development possibilities. 

This symposium will be restricted to discussing the present "State of 
Art" of solar cell-:nickel cadmium battery systems. 

The choice between solar cell systems, solar concentrator systems, 
nuclear power systems is not easy, bu: must be surely done in the final 
analysis by the design en3ineers connected with space vehicles. Space 
vehicle Jystems engineers should enter early into all discussions. This 
has been well done by AFBMD with regard to· the snap program. 

I would like to introduce Major George Austin of AFBMD who has 
cogniunce of the space power work needed by the Air Force in its prograas. 
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II. Discussion of Power.Sources - Solar Cells and some Aspects 

of Nuclear Power • Major G. Austin - AFBMD 

Military vehiele power for systems in the next ten years fall into 

two categories; one, several .hundred watts; and another group of several 

kilowatts. To be sure, one can go on higher and conceive of systems that use 

even larger amounts of pow~r up into the megawatt range (i.e. electrical 

propulsion and/or manned vehicles). But I think for the next ten years, 

most of our military non-propulsive auxiliary power requirements will be 

fulfilled by systems. on tht order of several hundred watts and several 

kilowatts. Now, in the several hundred watt area the solar-powered 

system is, perhaps, the lead1ng c·:mte!lder But there are things about it 

that worry us. First :>f all, e·ten in the power range which should be 

manageable for a solar sys~em, one 1s forced to moving (oriented) arrays; 

a static system seems out of the eo,uestion, if simply only because of cost. 

One then does have to have a!l a:ray wh1.ch moves, and moves in a complicated 

continuous and discontinuous fash1on. We are also concerned with solar cell 

degradation about which I am sure you will hear much today; degradation due 

to protons, meteorites, etc. We are also c~n~erned with the compatability 

l['ld 
between large moving arrays ~ the vehic.ie itself. The drag which these 

larger r~s introduce at lo\1 altit· .. Hies r~ay be 11. serious problem. Low 

altitudes, incidentally, a:e, ln ~te opinion of many ~ople in the field, the 

most militarily significant. 

Then, I think, most importantly, we are Just generally concerned abo~t 

the qYestion of reliability tbr one year. As Nate S~r pointed out, the 
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secondary battery itself may be the limiting component of the power 

system. We have confidence that solar power - systems will be 

developed. We, at the same time, feel that it is necessary to proceed 

vigorously with a back-up ·.ofit an entirel;y different approach and the 

entirely different approach is an obvious one, the nuclear system. 

Hence, Snap ten, which is the completely static nuclear system. (A 

reactor-thermocouple system, with a self-regulating negative-temperature 

coef'ficient.) The degree to which we pursue this is dependent quite a 

bit upon the progress which you people make in the solar-powered system. 

In one sense, Snap ten is competitive with a solar-cell system. 

In another sense, they are really not competitive when you take a 

broader look at the future. We feel there will be a place for both 

types of systems. There will be missions which one or the other gives 

such an outstanding advantage that they really aren't competitive at all. 

We do not expect to have the first flrable Snap ten units until 

September of 1962. Whether or not we could at this point accelerate 

the program and get in flight test earlier is saaething of a question, 

but at least the question we will get some insight on today is whether 

or llOt ve ought to even try. 

154: Is there &01 information available on the cross over point between 

solar 8Dil nuclear power systems as far as weight is concerned? 

Jflj . .Austin: I think that in every survey that I aa aware of, solar· 

ponred s:yateu· daainate belov 15 or even 30 kilowatta. However, veieht 

_, be aeconclary to reliability. 
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162: Major Austin, I'd like to ask this question. Is there any 

reason right now to believe that, specifically, the Snap ten unit could 

be more reliable thac the presently conceived solar cell unit? 

130: That's a good question. The answer to that is we certainly 

don't know and I think we can say we are fairly ignorant in both areas. 

It's because of this ignc•rar.ce that we are pursuing both. However, what 

we do know about the Snap ten system, as far as reliability is con

cerned, is somewhat encouraging In the first place, one of the questions 

which we've had all along is the possibility of the radiation ~ to 

the thermo-electric ~lements It has now been determined by tests at 

westinghouse that any radiation ~e to the thermal electric elements 

is annealed out comple. ttly at 35,:/' F which is far below the temperatures 

at which these units no ap~rat~ Tue r~iiation damage no longer bothers 

us With this type of device, and ~te people working closely with it feel 

that npv, the main pr·:lb!.e:r. :-f sy;;tf.:ns involv1ng thermo-electric materials 

is their brittleness; 1 e. ttcir a~tli~y to withstand the conditions of 

launch. These se~m to be the two ¥rocle~ whi~h people are most concerned 

about. If they turn out to be. cverco~, ctiler problems are presumed to 

be straight-forward. 

168: It has b-:en point.ted out t.r.a.t we have turbo D:achinery, 

particularly in the big pciVer p:i.aiJts, that can run for two or three years at a 

crack without any servicing at all ~der full power; however not at 60,000 RPM. 

5 



SECRET· 
III. Diacualion of ADVII'l' ID4 8l'IBR- R, Karcher- O. 1.-M. S. V.D., 

Pb1114elphia, Pemla;ylvania 

1,.7, Ve are concerned with the ADVDT and STEER progrllll8 which will require 

h1gher J)Onred a:rateJU thiD those to be discussed; ThiS S1Jtem will uae solar 

cell.J tor tbe enel'Q' conversion aod nickel cadm1a batteries tor enel'Q' storage, 

I 1ft;uld like to outline the syatea approach being uaed in its entirety and then 

we • so back IDd exad.De tbe details. The S'l'DR vehicle is to be a cc.uni

cationa aatelli te in a 6 hour orbit and will require approxiutel7 350 watts 

peak J)Onr. 'l'he annge power d.ud will be appronutel7 200 watts. The 

-.xi•• 4ark period tor this orbit will be ,.5 llinutes. The ADVD'l' prosraa Vill 

require 500 watta coatinuoua tor ita 24 hour CJCle. The IIIXillll.llll dark period will 

be 7lainutea. The vehicles resulting traa both of these programs are to be 

desisned tor a 3 year life, (See fig. la & lb for load-ti~ c·11rw cwd ::wh(!l.l!tt.;(. j 

'l'be solar converters will be .aunted on deplo;yable arrays which will be 

continUOUJlJ oriented to tbe IUD. The desisn approach hal been to analyze tbe 

state-ot-tbe·art aod Mte perto~ce prediction and then by laboratol')' testa 

Yerif) tbeu pl'ed1ctioaa. Ve selected tbia approach to econc.i ze on manpower 

requir-.tl. !be predictions will be lllde in tbe tora ot a Sraphical curve. 

'l'be testa will lHt Hlected 10 u to verif) a tev points on tbis curve. 1'bere

tore, the entire. curve need DOt be created by testiD& • Ul\llliDI testa reaulta 

lbolr vei'U1cat1oa ot the pre41ct1on. Lack ot verification will point out areu 

nquil'illl 81141t1aaal. naluatton. ~~ ot tbe toola vhlcb we are utiDB in tbil 

JJl'OINI11 ID electrical l)'atla ual.oc· Tb1a IDalOS 11 beinS created in three 

,..._: 1~, 1Dtemetiate, COIIIpl.ez. To Sive JOIIID 14ea ot tbe aillple 

ua10C • w an .uiJll UIUIIIptiODI tba1. (1) thtt cODveraion IU'l'lq' 11 a larp 

•1Dil• 1111ooa cell ana. (2) the batte17 c:Jaaracter11tica are 11 series ot linear 
_,~ 
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tuDctiODI. You IIU8t appreciate that tbeae are not the ultiaate concluaiou 

but do 1Dd1cate the probl• areu u well u indicatiDS the aecondazy conaideration 

that do not 'W&l'l"'llt -.1d111.1m ettort. Thia IZl&log Will take into acc011Dt tbe 

optical consideration, the thel'IIULl. aspects, tbe cell phyaics, the eners7 atorase, 

the syatea regulation, and the effects ot peddle orientation. 

In addition to the syatem analos we are examining the circuit consideration 

of solar cell connection. In order to mniJIIize the degradation ot syatea per

tol"lll&&lce as solar cells !611 we are looking at the relations which exi1t. hi lures 

due to •teorite illpaet, electron r.Uation, IIDd unreliable eold.erecl cormectiOill 

are those vhich cause this malyail'. Ve are all aware that a Siven nmlber ot cella 

DlSt be COJUlected in series to p:roVid.e the systea volt11e; and that a pven nua

ber ot cella will be req;11red in a parallel arrangeaent to provide the necea81J7 

current. This study vill exa.ir,t ~he r.hoices available to have the hipeat 

reliability. One extreme case llcuid l.:·e to have the necessary n\abera of cella 

connected in aerie& etnagr. tc- e.stablish •roltage and then to parallel the 

required n\llber of sach s<;rtngr: (this t~arall.elins would. be clODe ~to the 

power buaa). Any cell f'1.1l<Are in thi£ arrq~t vould cauae the loaa ot the 

ra&iniDS cella 1n ita atrtng. The .,~iler en:ae 11 to parallel ne17 lbiDile 

Vi th the .... lhiDSJ.e tn 111 adjacent strin,. In thia ccmt1prat1ca a lbortlcl 

cell WOIIl4 cauae the loa• o! all tt>l.is pAralleled with it. Currtntl.J w ban 

tlbn the characteriet1c ~un-es of 50 t)'J)1c.eJ. cella and utt tbeae u the buia 

tor the ID&l.1lia. App:roxillatel) ~en cir-cuit~ vhleh appear to haft •nt JMn 

been aeltctlcl tor the cc:wputat1on. l'b.e e:xpec";ed reaulta of thia prosr- will 

be a aer1ea of V-1 cunea lbov1J3& the efteeta of probable..._ of fatlllfte. 

!be tHtlziS to elate baa been c:onceotratlcl on • ft'lluat1ca ot electl'Cil 

1'1141aticm etfeeta. ror th1a work w have establiabecl Ill equiftleDt tluz rate 

-7-
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8DCl total GpOBUre vbich ¥111 be the equivalent ot that 1D • 6 bour onit. 

Silicon cella 1 covered S].u1ea, bcm41DS aterial.t, 1114 ttl'llctUl'al •teriall 

are beiDS etaluate4. (See :photosrapbJ 1D the appen41x /J-/) 
Our 1illple 8Dalos will be finished b7 the end of Mar. In1 tial l'l41ation 

teatillg hal been acco.pliahed shovina the deal'ldation of the silicon cell aDd 

the discoloriDS ot UD7 cover sJ.u• ateriala. The batte17 teata are UDder ,., • 

The ll&jor effort il devoted to nickel cadaiua batterie• 1 hovner 1 teatina of 

teal.e4 s1ber-z1Dc IDd sealed s1lver-cldll1ua batteriea are also in process. 

The initial testiDS utilizes conetiDt current charSiDSIDd will lhortl7 be 

mlifitd to charS• with the characteristics IDd resuJ,atiCD ot a tJPical solar 

~· m ot the batte17 testa will be conducted on the HM tiM c;ycle to 

that tor once co.parable data vill be avail.Ule. The series-parallel IID&l7ai1 

June, 

The retults of our prel11111W"7 deaisn indicate that the 8TIIR vehicle vith 

a 350 wtt RU1•• requiJWent cc be Atiaf1e4 with a lt4' aquare toot U'J'a7; 

the AJRift ftbicle with a 500 vatt continuoul requiraent will dictate a 8o 

aquare toot arrq. 1111 are UliDS a factor ot 7,4. vatta per ICluart toot to 

4eteJ'IIine tbe areu required. The batteritt are tiled CD the buil of a 3,_ 
onrclarp ID4 a depth ot 41scharp ot '"tor the 6 hoV onit. 'ft.e 4ept1a 

ot 418dlarp tor the~ bour orbit will be h1per - pl"'MblJ 6o to~. 

130. toa .-1cmed tbat tbe ADVIft fthiclt requiret 500 vatta. Coul4 ,au 

bn8 Wa up 1D tetw~ ot pelk a4 &ftfttP! 

l~'f. c:urr.tq w are t1&1DI .ADVIft CD a .500 vatt ccatilnaOul buia. 

l5'J, J11n 7DU c:GDCl\lled 8DJ particular U'l"&DD-.at of HriU•panlltl CCIIIMC• 

ticaa tor ,ov arn_rt 

-8-
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147. Ve bl4 •• an initial study to exa2ne Wa cou14erat1on. (See t1pre _!_). 

Prca the tisure ve concede the ••riea and parallel cCDDecticoa pren0111q MD

tioned. Pl'Cil the prelillin&l7111al.ysis w cletemine th&t the MX1•• rellabillt7 

or the llini•a power loss would. occur vi th 3 strings paralleled to Illite a block 

and each block paralleled to give the paver capacity. (See t1sure _4._) 

ibe shape ot this curve can be seen 1n figure _i_. 
150. ibis covers the probabili<;y for oyeus and shorts due to meteorites, b.ct 

solder connection, or any o~ber ::e.use. Ve ran the probabil1t7 ot failure trcla 

~ open circuit - ~ short circuit dawn to a 50-50 rate. 1be resulta ot the 

analysis sbov that the pert:entage fe.ilure is not critical wben ,ou have an 

optilmD number of sh1J3gles parall.E!led. Frca this we conclude that the nudMr 

and the basis of failure is of ae.:u ;:onseq; .. ence. The sharp break point ot this 

curve vu at 3 shingle• peT block !cr- a 28 volt system. Thia ~~q varr vith 

other syst• voltaaes. T'nf! basis fo:- this analysis vu a ; cell lhiDSl•· 

It would probably be bt!ttt':r sycte't i~·R1gn to uJf 4 or 5 atrtnsa in parallel 

so that failure& wouU. brilli the .;ystem ll'!&~!" to an optiaa point. 'l'he 

initial losses due to this ln~re&3ed ':?&r&ll~lirl& are sllpt llld the pin 

resultinS hal a t&ilu.-e ·iiOUJ.d be si.Jlli!'icant, ibis is a sillplitied etud7 

IDd doea not deal Vith a shlft in cha!-&eteristtca. The 41Sital CClllp\lter 

p:rosna Vill so into ~ch aore li'tail ir. this area. 

1;4. You dettned shorts here - ftl't> t.::in e1.~:r+:& to &I'OUDd o-r aborts to .other 

cell! 

150. Both. Ve alao took. into consideration t.he locat1Cil of these abort•· 
l". Cm ,w 81" us sc.e indication ot the results ot ,our ncU.atiCil t.ap 

-9-
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147. (See •• S:iJ Ve are :tiDdiDS that u we SO to the hilber 4ole leftla -

we ecCNDter a the:r.l prob1•· 'l'be effect of the the:nt&l prob~ is such that 

the ra41ation rate .ut be held to a lov level to avoid heatiDS the cell ID4 

thereby ust1ng the dalge b7 SDDe&liDg. Thie briDP to lliD4 one ot the .,st 

illportlllt areas of l'ldiation testiDg and that is the 1ov taperatun area. 

It is certain that the arrar will be degraded duriDg the clark portion of the 

c;rele u well u duriDS the light portion and the effects will be atch .,re 

severe becauH of the lover taperature. We are nov lllld.nS the necesH17 

nxtures tor this lov t..,erature irradiation. 

152. VJ.th the higher altitude Tehicle &lao ;your relpODsibility do ,aa pla 

to ruD telte at the lonr dose levels T 

147. With tbe ~ftllt ot N1VIrt we are plann1ns to run lonr doae rate tests. 

!be particle ene1'17 levell Vill raa1D the ... 'but we ViU eftlute total 

ezpoaure trca 1ol2 OD up to l.oJ.6 elect!'ODs/eq. Clio 

162. I hue two question• on slu•. Pint 1 are the results JOil MDtiCIDed 

tbott us1111 quartat Sees, a do JOU plaD to iDitall theH oo the ai'J'qf 

147. the co.en UH4 tor tbe n41atiCD teltiDS wre quarts. VI are pttilll 

llllf].es ot otlaer cower Mteriall ID4 are nov 1D the procus ot tutilll tbele. 

VI are rllllliDI spect:Nl. relpODH cunes before ID4 after testiDI to ....:Laate 

tM ..... Vith 41fftr1DI GJHUftS. 

l6o. Ale tbere C1 1eolat1DI 41o4es CD Ws arnrt 

147. '!Mre V1ll be 1eolat1DI 41o4el on th11 an'IQ'• 

113. toa 414D't llliVU' tbt pstioa ~bout tbe MillS UH4 to attach tbe cella 

to tbe II'TIIJ8• I bin aotMr qutet1CID • bow lq 414 J011 tau to 11'1'111111M 

* cella to • apoeun ot 6 z 1.()14, 

-/fJ-
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1·7· The 6 X loJ.4 exposure required l'OU8bJ.7 & 30 lliDute period. !birtJ 

hours vu required tor the 6 x 1ol6 doaaae. 

173. In )'OUr teats did you attach these or Just eet thea on top ot the cella? 

147. The glus was Just laid o.n tOll of the cells &D4 a cl.allp vu used to hold 

it iD position. The glue vas no't bonded to the cella. 

173. What do you pl'CipOse to d.o tc bond. the glass plates to the cella f 

147. We are looking at two eonfigur&tiona. The first cODtisuratiOD 11 the 

atmdard technique ot sh1ngl.ed cell& with each cell iDdividually covered. 

This uaellbly would in turn ·b'! b-:,11~ed to an al.UIIinua hontJCa.b au'batrait. !he 

aecCild approach is what ve are callu!i ,.. planar approach in which the cells are 

IIDUDted on a nat surface illlll1ediately adJacent to each other. The secODd approach 

appears to otter ldvantaee& of a struct.ura.i nature in as .uch as the glua - be 

extended over IBDY cells w b~cauae ot 1 t!!l '!.hictneae will bave quite h1ab 

JIC)int of View iD tbat the- very tb:1:n t~older ILl"e&s are tile ODl.7 JOint betweD 

the hea17 sJ,au slides . 

162. 1ibul.clD 't it l!ea desirabl! t-: tf!t.t the ldhesi.e u part ot the cell COYer 

Slua JJat•f Othemae liOUl.dL 't you b6.v~ .._c gc beet IDCl repeat all th11 teatq 

if ,w fl'llllked the adhesive? 

147. In the flat plate app:ro.cb. t.lle cell bctt! t.o a 1ub1tra1t can 'be a .atall1c 

bcQd (aol4er) IDd the cO"P.r l!l&aa can be bel! in poaitiCID ~call.7. Baia 

COill4 be accOIIpl.il.bed b;r roll!nc the ed,&~s ot a rr.e cmtr CIDto the sJ.u• to 

lock it ill poa1t1oa. 'DUe baa c lidded lll!.ftlltlp becaue tbe cJa.ical tiller 

betiHD the cell ID4 the Slut aaat have ~ optical aa4 tbemal pro,ert1ea 

With DO nquiz.eat to be an II!Ms1ve. 

170. 1laat 11 tbe &Tel'lle etticiaq wt the aWCOD 80l.ar cell JOQ an uailllf 

-!1-
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0111 10U 4etcl"i'be a JOU 4et1De the ntt1 J)lr 14U1.N toot fipref 

147. Ve are plumbs to use tolar celll ccteriDS a1'0UD4 the ~ point. .We 

are tace4 ·vi th the technic&l.-ecOD.omc 4ec1s10D of pickiDs a nuaer tor the 

basis of calculation but not torsettins that it wu an uiiUIIption. Here 

ap1n I lligbt point out the vereatillt;r of the electrical llllal.oc· With this 

as a 4esip tool cC~~peDeation tor later chqes can euiq be ..ae. 'J.'he 7•4 

vatt1 per •quare toot V&l buecl upon a lhiDaled ueabl;r where conli4e!Vle 

desip intorat1on is obtainable. 

173• 11bat are the UIUIIPtiODS in 10\ll' 7,4 tipref 

(See appendix B-1) 

151. You MDtionecll~ 4esre4&t1on factor ot sJ.u• aU4ea. ...t 11 tbia 

lpeCitic&l.l;r attl"ibutecl tof 

1Ja.7. This ccwere 4eczwt,at1on of the t1'1Dai111on ot slu• Ullller 1lTI41at1on 

IDd nrtace eJ"'Oioa, 

l6o, Ower vbat period ot t1Mf 

147. 1,. 71U'~. 

173· 11bat about the poea1'b1llt7 of proton~ 1D 10UJ' 4tcr*tloa cal.culatiGDf 

lieS. Let • pt Nck to that 1,_ tor a ainute. 'l'b11 11 'baH4 Clll tbe UDIJantm'1DI 

tbat ,ou ciDDOt 1Dibace m:e tba 1,_ lo81 ot tJ'IDEUiCID clue to ld.c:rc.eteol"ite 

a-p. Ve llaft DO plml to :run pJ'OtGD ~ te1t1 at tbil tt.. VI UDIJar-

ltad tbat tM 4DH 11 lllCb -uer thiD that tra electi'Oill 1114 apect ita 

effect to M ~... !bil 11 ID GpiDiOil tbat W ban receiftll COftriDI tbi ~ bour 

11tuat1CIIlo 

-1'&-
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138. What is 10UJ' best esttmate of the thickne11s required tor the 6 hour 1114 

the 24 bour designs? 

147. In the 6 hour orbit ve feel that 70 llils Will be required; 1!o llila il our 

best thinkiDg for the 24 hour orbit. 

130. lllat is the ambient radiation you are asSUIIIiJ:Ig wben you come up Vlth those 

nUibers - wbose data - end what spec1!1c fluxes? 

11+8. We are workiDS on +..he :,asie of 10
6 

electrons/sq. ca./second. For a three 

~ar period this wJ.ld. be on the order of 1ol4. electrons/sq. em. total closase." 

For the STI!R environment t.he nUlllber wuld be 1rfl electrons/sq. ca./second. 

These figurea are for e:ect":''n a't-ove 600 kev. The threshold of dalge for sill

con cella is 1~5 kev. 

144. The 145 kev W&ll established ty R&Pil&port and Loferaky of RCA. 

170. Have you any data to justify th~ use of a 50 to 6~ depth ot 418Ch&rse 

tor the ~ progr•? 

165. ConaideriDS one ot th~ .!.iliUting factors cf available recharse tille ve feel 

that this 18 a re&100abl4! d1 !Chug~ 1 !Vel.· Uptoa 1'JKwu ot Bell z..bl J1u 1D 

equat1011 vbich be uses tc c&leul&te dep~ ot dlscharp, 

c 
It 

11lere: 

1 .-:1: 

• rat~ or ':ba:a~e in hours 
• ra~io cf dark to lllht per1ocla 
• overeha.-ge 
• Hl.ected constant tor 6)'8tea 
• ncmul batteey C&J*1t7 
• lOid current 

ror IV JNl'POift I ~ ..u u:preuiona V1th the I ill it. 

-IJ-
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i'he removal of the 6 expressions doea not affect the b&tteey clesiSD in u auch 

u it deals only with the aolar &rl'IJ• One ot the .,st illlportant factors is ..s:£,_ 

which il the rate of charp that a battery cen accept. At the preaent I penoDal.l.r 

feel that 8 is a lilliting fisure. You just don't chars• these th1118• at a sreater 

rate. UsiDS the fisure of 8 on a 6 hour orbit there is a depth of clischarle no 

sreater than 3"· That also involves a trade ott study on the uceDt P'ftr 

:requil'flleDts of the aystea. We decided to use one batteey rather thin ua1DS a 

priaar,y battery duriDS ascent IIDd a secondary batteey during the c,cliDS period. 

On a 24 hour period this equation DO lqer establishes the criterion. With 

appraxt-.tely 23 hours to recharge the battery the ~ ttsure beccaes .-ni DS· 

less. 'Dle considerations of depth of discharse for the ADV'Iln orbit (24 houri) 

becCM sOIIInbat Maninsleta baHc1 on the nature of the annual c,.cle. lor the 

first 2Z.4q1 the clark portioa of the orbit is CCiltinull.l.J clecreuiDS in ti.e 

and about the ZZ.~day it is nonexistent. This is followed by a period of 

epproxiately/J4S di1S wben there is DO shldov tiM. (See Fisure 8 ) 
' -

VheD ve talk about depth of discbarge actual.lJ ve ce tpe'lrtns of a wz1•• 

depth ot diachaz'p vblch ODl7 occur~ dur1Ds tbe loapat lbl4ov perio4a. V1 tb 

the orbit tiM beinS cooatant and u11111QS a ateeq loal ,our OYerchup pta 

sreater a peater. In our pu'ticular procr- w ce lOins to teat to Ill 

IIJPMXiMtlCIID of thil Cfl:le UliDS a lltep t'lmctiOD appl'OICb. 1laeD I .., ft 

baft a$ depth of dilcharp oo a 24 bour perioel 1t 11 the 1D1t1al deptb. 

lftlltua1l11t 'V1ll set dDIIl to a" dQth of diacbarp a~ omocbap. 

In WI propa we an ltal't1JtC out Vltb a ~ Oftrcbarp OD tile tint n.p. 

138. Ill a tJPical orbit ot a ~ bov perio4 vbat fnctiOD of the oftit woul4 

haft ..., dilebarpt 

-t'l· 
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165. 1be ax1 .. clark period 11 approxiate}¥ 72 llinutea. 

138. But if )'OUr orbit is 1D the equatorial pl.IDe JOil are in the BUDl.1cbt .,It 

of the tilDe, aren't ;you? 

165. There are about 1lo daya out of each lOo 4qs duriDS which 10M lhldov Yill 

occur. The biggest worry from the 'battery point of View is the lq continuous 

overcharge not the discharge periell!s. 

138. 1ibat is the longest period that these batteries have been telted on con

tinuoua overcharge? 

132. About 97 ~ ago we started testing at 131 cleg. '1 IIDd ve b&ve been rwmi.q 

since that tille at approXi.Utely the 9 hour rate. In a 1econd telt n haft 

achieved 3 years of cootinual overcharge at the 16 hour rate. Th11 aecCDl 

teat ia being run at 1'0CIIl tesaperat\U'!. 

154. 1ibat is the charge :::urrent when 70U refer to l~ ch&rse! JO\I1' -.bient 

pa,lold te~~perature? IIDd the bat~ery 'tqerature at the tD4 of the lq over-

cha.rse period 'I 

165. Ve will have an •ctive t:speratare control aod attlllpt to keep the t .. 

perature &rOUDd 75 De&· F. I do not mow vbat the paJlolld tlilleratlll'e vUl be. 

162. Is there 107 difference 1n the pemae1ble chaqe rate betweea the H&l.ecl 

cell 8Dd the batteries previoualr ueed? 

132. We t1Dd that the slasa-t.o-.et&l t.eal poemitl aa.vbat bieber rate• of 

charS•· We reca.eud 111 8 hour rate for the tealed cell IDd coatinue to 

reca.end the 16 hour rate tor th• n~lon gaaketed eeU. FiCIU'ea liWD before 

concemias the 3 JtV teat refer to several celll ot tbl DJloD pebted tJPI. 

At the present t1• teats are ttill 1D procreaa (an4 haft been I'UDDiDC tor .,re 

thin .. .xlthl) at the 8 hour rate on the ber.lltic&llJ Male4 cell. 'l'beae cella 

-~~-
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... to be work1q '"17 well. 

165. I lliebt acid tbat the particular celltthat we are teltiDa are tbe 20 apere 

power cella used b;y J:Qckheed. They have a teflon pressure seal 8bCl have been 

nmnina at 1n 8 hour rate of continuous overchaJ'se tor a period ot a few veeka, 

'J.'he1 have pertolWd vell and atill deliver capacity. This teat vas run utiJls 

forced convection coolina which kept the cella al'OUil4 8o to 90 dec F. We al10 

plan to teat su leakaSe rates on dUJ11111 cella at 200 psi. uaina helba and 1n 

appropriate leak detector. 

130. I voul4 like to uk Mr. Belove to explain the apparent inconailtenc;r 

between the tetta vbich were just quoted at 131 des F and the reco•aD4ation 

ot operation at 105 des F. 

132. I purpoeel;y el1111nate4 one factor here. I tbousht ve lligbt deter a clia

cuaaiCIIl until the batter;r beclllle the 1111n topic. However, it looks u though 

ve ha4 better clarif;r the situation nov. Within the lut 3 .cllltha ve have 

besun to o'baene a liaitatiCIIl wbicb results tra1 a the:r.l pro'bl•. Ve haft 

cliecontrecl that the aount ot overcbt.rp - the rate ot ch8l'p - depeada 

pn.rilf em the tet~JHtrature that 11 .aiatained in the cell. 1bat 11, the 

higher the llll'bient taperature or the cell tt~~~Ptrature tbt peater the desra· 

dation ettect upon the cell. We have found that if ,ou operate then celle 

U'OUD4 100 des P the;y Yill continue for lens period• ot OYercbal'p. 'l'be tiaure 

of 131 des P 11 'bued upon pertom.oce ot a nev aeparator that ve haft uaecl. 

Ve have 1Dt.roduce4 a tetl.GD aeparator IDd. are tl'J1na to eata'blilb tbe upper 

t~~~p~rature 11111t tor theae nev cella. Ve blllll .aile initial cc.partac:ma 'between 

the cellulollc IIIII the tetlcD Mparator 'b7 J'UIIIllDC two cella at 21\ !lour COil• 

tlDUOU cba1p at 212 4tc P. Cellulolic ..,.ator 1114 l1m'tecl oat in th11 period 

-16-
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while the teflon cell lost ~ of 1te capac1tr • there vu no lip of 4esn4&t1CD. 

The •ame cell on a eub!equent room temperature c;ycle cave Ul fUll capac1t7• We 

have found one problem wb~ch he.s reaul:ted from use of the teflon aeparator. .All 

a cell 11 centrifuged the electrcl;rte IIOVea out of the Bepar&tor. reston. 'l'h11 

effect does not take place over short periods ot tille but 11 very noticeable at 

the end ot a long teat. 

165. Our preliainaey an&lysis of the battery design for the 24 hour orbit shove 

a very lov charging 1·a'te vhich u.:r be a problem. I: you &BlUM a con1tant current 

charse and delign tor a ;~ depth of c11scharge Vi th a ~ overcharge ;:vou Will f1ll4 

that the equivalent charging vill be done at a 4o to 50 hour rate. Prca our 

experience the batter.r does ne-t p!doa~ as well at these lov cbarce ratea u it 

does at the 8 or 16 hO'.ll' ratpg. I have figures vllicb lhov as ach u a • 

capac1t7 lou when going from en 8 nour rate to a 16 hour rate. 

133· Wbat happen• within tnpse ele.:tro-cneaical cella 1D a zero G eaviroaentt 

Is there IDJlillitation 111p0so% :y tb~ gase.: and 11~\lida ot the 111t•t 

156. .All far u ve kr.ov CID PI~ IV, V 1 m1 VI~ TIRC.S, &Dd 'l'BAI81T ...._ 

IDCOUDtered. thete envii'OUI!lltt' arut ban appventlJ vorDcl l&t1atactor1q. 

133. !be a.plea you aentioned were all lov alt1t\lde tl18hta vbere ,ou ban 

aD appreciable srantati«a.l. t.ie!d. 

151. 'Dle aboYe Yeluclotl wre t~Ln sta1:>111t.'!d bu.t other thaD th11 lp1DD1DI 

VOIIl.4 not baft UJ a:celerat1on f~r-:.e1:1 liD the Yebicle. 

173· ~tea fw .:>ntba 116~ v~ p·:JI-Qe~ & ~r aupplJ to Olin vbicb w 

nco.ea4t4 a~ 4ilcbaJ'se. We !lad quite a 41aacn-.t on the a3ect or 
418Cllup clepthl. Since 01 11 nov p~•iDS 6o to ~depth of 41achlrp I 

1IOUl4 lib to haft mre 1Dtomat1on on their clet:111oa. 

_,, . 
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165 • 1lllll RCA .me WI p:ropol&l n nre bOtb conlicleriDS tbe 8'1'8l Procna• 

'!'be l'eCluinMiltl ot WI procna are IUcb that loll equi ftlent c:bl:rsiDI pel'io4 

ot II. houri 11 &ll tb&t 11 a"f&il.able for the batteriea. 'l'b11 relulta trca the 

atiDClb;r 10141 u4 tb1Dp. ot tb&t nature. If there 11 to be arq overcbarp at 

&ll then a~ cleptb of 411cbqe voul4 require chars1DI at a 6 hour rate. 

'l'bia 11 coilt1V7 to tbe rec~ecl practice prev10Uil7 cliacuaaecl. 

173. The queat1oa real.l711 coacemiDS ,our te1t1111. Wbat han JOU been cloiDS 

or wb&t 11 1D prosre11 to pn J'OU c0Df1clence in lite n. 411charlet 

165. OUr c;reliDS PJ'OIJ'III ,1Uit recent~ ltarted &Dd u Jet n 4o not baft loD"f 

result1. Bolever, UDiler a Lockheed p1"'0lW8 u ~1 u lleoo c;rele1 were 

acCCIIIPliabecl ¥1tb a ~ 4eptb ot 411cbarp and cbars1DI at abcNt 2l boar rate. 

!be relultl were a bit arstD&l but the batte17 cl14 not clepld.e. In fact, tboae 

•- cella nre later taken and "re~uftll&tecl" an4 pertomecl aactlJ u theJ 414 

1lheD tb8J wre nev. I bope tb&t ~~Dnen tbe queltioa. 

1,.. I VOI1l4 l1lre to join Mr. Scbulwn 1D AJiD8 that tbe ~ 4lptb ot cliacbup 

11 pertectl.7 &ll rilbt· 

156. I paa it 11 pnel'lllJ UD4erttoocl that the U.111tat1oa OD OftJ'Cbup 11 a 

tblzall1111"-t1oa 11Dce the b&tte17 il a ftl'J eft1c1eat cODftl'ter to beat 1D 

tbe oni'Cbup 1"111•· !be tb1DI that pslu • 11 tbat tllent Ul betll DO 

effort -. to plue a 11Jiitat1oa oa c:b&rlilll· 

165. Receatl.J I ilmltiptecl pal.H cbup ..tbo4a 11111 repr4leaa ot Wtblr 

t!al pa1H c!lup 11 clue tc a the..:L cut-oft or a wl.ttp cut-on, wltiP fi41DI 

at1U OCCU'ftlll. !bue 414 Dot ... to be arq llllftDUp Oftr a ltl'lilbt c:autaat 

curnat cbarp. 

173. A a:lJIU.uo .,.n.. 11 be1D1 UM4 oa tbe !IR08 l&teWte -.t wiU be cliiGUIMl 

later. _,, .... 
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1.61. Ve ban been lookflll at a,., ot lfllitiDC the current on the eD4 ot cbu'S•· 

ot courte, we are workilll 011 the 6o/140 CJCl•· Ve have been puttflll Zener 41o4el 

in a circuit to lfllit the voltqe at the ml ot cbal'Se· Bec&ule the lonet vol

taae diode that we can set to Sift a reliable eut-otf is 6 volta we are uains 

a diode to liai t 4 cella in aeries, 'l'hia 171ts works fairly well to cut ott 

current but it does not solve the temperature probls. 'l'he diode cbaraeteriltica 

shift with temperature aDd allow higher voltaae cb&rle at hi.Sher temperature. 

Ve underetiDd tbat a nesati ve taperature coefficient baa been develO}Ied aDd 

might solve this probl•· Ve are current~ teltilll at :rooa taperature but do 

plan to teet at 120 des P a.bient. Msht nov ve are taking out about 25. of the 

capacity on this l!o llfnute diaeharp and ve t1Dd that 1.1' 1011 at&7 within thi1 -

voltaae lillit (f:rca end ot charp to end of diecharge) that ve have to put back 

~ 12 to ~ overeh&rp. 'l'hia ia baled on a limited n111ber ot c,.cle 10 far. 

137. You quoted a ~ lo11 in capacit:y in 101111 trca an 8 hour to a 1.6 hour 

charS•. lbat vu your C)'Cle depth T &Dc1 'what vu your overcharse ratet What 

vu tbe perceot11e of overchazpt 

1.65. 'l'hil vu not on a CJClilll bali1 at all. A poup ot 20 ~~~pere -hour cella 

were ch&rp4 at 3i ..,. for 8 houri aad 1. 75 ..,. for 1.6 boure. In both cuea 

1011 1IOUl4 receive about a ~ overcharp. 

132· Nr. ~at Bell Llb1 report• that he bu been able to ute a~ OYer· 

charp vhere he 11 takinS out ~of the C8p1Cit:y, Be f1D4a that in SOiDS 

below ~ he camot .aintain hil wltlp len!. 

161. Vt bill plame4 to put in a ~ ovel"ddal''e but utiDS the 41odel n f1n4 

that n are 01117 pattinlin 1»etweD 12 ID4 2()J. Again th11 il baled OD a 

1.1111tlcl uWiber ot CJCltl 'but tbere 11 DO mdtDCt ot f.t.iDI· Ve do haft a 

_,, .. 
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serious pro'bla of voltase c11atri'but1on 'betveen the 4 seriea ceU.. We haft 

fOUDd 11141v14u&l cell voltlses l'IDie troa l.4o to 1.6o volta. 

168. Perbapa we cm set 'back to a couple of points on the power 111tes. ~e 

of the th111P would 'be a clarification of sc.e of the nUII'bera of siMI of the 

solar arr&7 &D4 the .ethod ot orientation to 'be used. 

147. The photosraph (appeDdix B·l) vill 1nc11cate the relative &rr~D~eMDtl of 

the pql.old ID4 the aolar arrq. This photosraph is a conception of tbe SDIR 

ftbicle IDI1 11 p:ro'babl7 iDdicative of the .ADVIft connsuration. Aa pren~ 

...tioned B'lm arrq vill con1i1t of 2 pallea vith a total area of " square 

teet. Our area factor 11 7.4 vatta per aquare toot. (A tUulation ot the 

de1ip cal.culatiou il 1ncl.u4ecl iD appendiX B·l.) 

154. JIDv E1Cb of the IUppOrtiDS atnacture 18 included iD the 7.4 vatta per square 

toot tipref 

lieS. 'l'bil includes the cell, the s1u1, an4 a weiSht of 2.0 to 2. '- poun4e per 

square toot1 includiDI the 1upport1DS 1tructure, 'but DOt the orientation lhatt. 

168. I UDd.eJ'Itml tbat thele piMlea.,.,. with re8p1Ct to the ftbicle d an 

al.wp or1ate4 tonr4 the IUDo low are J0U SOiDS lbcNt a1DtaiJl1DI thil JIIIJ41e 

Orlataticaf 1laat 11 ,our 4ea1p IJPZ'OICh tor the 'bear1np ml 4rift .otonf 

1~7. Vltb rtp1"'1 to the or1ent&t10D we are enJ.:u&tial the D1llhr ot IIDIOI'I· 

~e ot tbe.,.. attnctift of theH 11 the,_ a111ccm cell UH4 1D the power 

.,.-. ou..r ._meen in Pbill4elJibia are inftltiptiDS plutic 'ball bear1Dp 

111111 ftl'ioaa plate4 MtalUc d plutic aleeYe 'bearinp. !he 4r1w mton will 

prolllltlJ 'bl ot tbe ltlpr tJPe• 

l62. ., an JW Orlllltilll tbe pdlea ~ ot the ftbiclet 

1~7. !be JZ'Clll'8 ~ta are auch tb&t a h1P1J 41ncte4 llltiDD& awt be 

Orllllted to tM -.rt~a. 

-zo-
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l6o. 11 th8 orientation IJit• f1t the p111!41e1 iD4epeD4ent .of the reat of the 

vehicle or 11 it all tied tosethert I1 J&rt of thil •7R• neecle4 to keep the 

reat ot the vehicle in operation! 

147. ot cour1e, we haTe to orient the power •:rat• to auppl.J the fthicle with 

ponr. ihe rotation of the pl44lea about the a11 of the Bhatt throuah the vehicle 

18 done strictly for the power 171tea alone. (Refer to vehicle photosraph 1n 

e:ppcmd1x section B-1) The rotation ot the 'ftbicle about the ateDD& ail ia done 

for the power syatea. file poaitiooiDg of the atenna axil to the earth's vertical 

h done OD1y for the ca.unication requireaeDta. Obviouelf, the tw are verr 

d.efinitelf related. 

1]6. Wbat portion of the power beiDI pnerated ia required tor orientation aDd 

vbat portion tor c~cationt 

lit&. Approxiately 50 vatta is required for the orientation •:rat•• !'he 'ballllce 

i1 IW&ilable tor other JNl"'IIiel auch u c~cation ID4 eaezv ltO!'II•· 

130. tibat il the t-..rature which ::rou are del1p11J1 to be the at~ atate 

COD41 tioo of the arrqt 

llta. Ve are d.eai~Din~ to operate at 100 , .. r. 
151. rw can operate U'OUII4 100 488 r Jut with the coatiDIJ which haYt 'beeD 

aw.1lable up to DOW. 

173. laft J'Oil 4etelllinl4 th1a IIJir1MDtal.lJin ncwa chlllllent 

151. I WDk w are ~ the point Dcnr vblre w baft to 4epea4 CD a:pen-rt&l 

data. VI c1o UtellllM the opt£cal pJ'OJIUtlea b7 apariMDt 1Nt _,.. that tbere 

11tH data ot aatellitu tbat baft al.reldT tloiD. bH caa Yer1f7 tbat the 

calculat1CIIll an cornet. ~ • orleatell ~are ware c1Jw:1.Dc 011t about 

l~ ot the J1CNV tbt cell operation c1oel DOt CODtrilnM to blatlDI u it clota OD 

JQUr·fillll aateWte. V:lth i4ntild coatiDII tbt ~ C1D lie nm at ~ 

11e1w 100 488 r. -ai-
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152. I cloD 1t th:Uik 100 del J il optimltic DOV even with JNteDt CO&tiDSI• VI 

hope 1D the future to be able to drop that 4DWD COD114el'abl.J. 

Cc.ent. '!he IUD :pl44le orientatico 11 clef1Ditely illportiDt to JOUl' attitu4e 

control an4 eva 110re 10 to 10Ul' orbit control because it 11 the third IX11 

which live• J'OU the yaw ais control. PreHDtq tbq're pJ~mniDS to c~e 

tree clOWDitlin the attitude of the vehicle 1D order to live us the Jrope:r 

orientation in the orbit. 'l'he paddle orientation •,.at• il ID :llltec:ral JVt 

of the 'Yehicle orientation 1)'8tea 11114 if the paddle o:r1entatioo 171tea :taUa 

it Yill cleopardise the orbit control SJ8t•· 

151. The control requirements on tbe paddle are quite vide in CClllp&riiOD to 

the reqUirements on tbe bod7 orientation. 

llt6. 'l'he plld41.e intlueDcea vb&t you do Yith JOUr orbit control an4 11 1D the 

loop o1 the orbit &IICl attitude control 171Jtea. So J'OU c~n't iSDore it, it'• 

Ye'tJ 1lip)rtlzlt. 

162. Ve feel tairlJ cOilficlent or our m.bera m1 I'll tell ,ou vhere the 

anu ot UDCtrt&lDt)' an. Ve haft -.e te~~p~rature c&lculatiODI Oil a flat 

plate oriented collector ml the ltab1l1sed te~~Ptr&ture in apiCt 11 39 411 c. 

Tbb ia abollt lOB 4es r. ADd &110 u a ~tter ot 1Dterelt w are tal k1 Dl 

about 9·5 watt• per ~quare foot. 'l'he on}7 uncertaillt7 attachecl to th11 

~rare then: b uncert&1Dt7 attached. to the 4eaJ'Idat10D clue to the 

IOla:r C«lltiiDt (DOt beiDc able to Ule lito •• /ca2), ._ -u_ 4181"114at1GD 

4ue to tbl ultra-nolet delndatioo 011 the SlU• &IICl cell. 'lbeae are the 

ODlJ two UHa are w teel ve are reall)' uncert&lD. 'l'be a/• ratio 1au 'beeD 

tiet .,_ • * tblmll a .. iiD tbrouSb ~ 1au 'beeD ti.t dOVIl .. ~. 
l~T. IJtleft an two ..U CODtributoJ'I to nplat10D1 ODe 11 tba DOll liDeU' 

~ltlca ot tbl aWCOD cell, the otber 11 ch&nater11t1ca ot t1ae 
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batte27 u it ia U.,Oeed on the cella. 'l'heretore, 1011 Clll SO throush a 

trade ott IZlCl 144 polmde of veisht ot resuJ,ation equiJDellt ~ s1 ve any 

desired regulation accuracy. Ve have detel'lllined that the 1mregul.ated 

system deviation would be 11lus or llinua lfll,. Tbie deviation is' due 

solely to the characteristics of the tvo ma,1or contributora. 

(A COIIIlleDt vas interjected reprd.1Ds the orientation drives pointing out 

the desire to avoid hip speed rotating II&CbiDery tor orientation control. ) 

On the ADVEM'l' prosrm the philosophy baa been to use a stepping drive rather 

than a rotational control. One factor that this et:llllulated 1D rq II1Dd is 

that this will not be a 360 des ot revolution, but rather less than one tull 

turn. And once each season the vehicle will be tllpped so that ve do not 

have to uae slip r1rlga tor power take ott, but rather can use a a1JIIpler 

approach. 

(Another ca.ent vu interJected rep.rd1ng the trllde ott ot CCIIlplexit;y of 

continuous rotation and slip rinse vs. tlipping the vehicle each )'ear.) 

Q. Ilium do JOU iDteDd ruJli11Ds CCIIplete s)'8tea teata of this sort in a 

vacuua chulber IDd UDder en1'11'0Diatst 

A. L1 teral..ly we are PictiDa the11 up piece IK1.. in CCIIIIPOilent teats cover1n1 

'batte27 l~e, •rire Vl'liJ'PiD81 beariap 1D vacUUil, 1114 lleUUrellellta of 

CCiilp&Z'1DS to.rquee UDder 'f'IICIUI CODditiona. 

133. (Brouaht up the aubJect ot wltip recul&tioo tp1n, ) Mked it there 

wre 1111 J01tib111t1ea to J'8Cluce the Vide resul&tioa 11111ta b7 a "llllll 

electraaic PICDP". 'Dle necet1a17 vei&ht i,nc:reue 1n tbe c~catioo 

equi~ 4ue to tbt v14e "IUl&tiOD wu poiDW out u 1D 1Dc.atiw to 

tilhtea tbt 'IOltlp Uld.ta. 

-~3-
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A. The 4ecition villlJ&ve to be the re1ult· ot u ensiDeerins c0111pl'OIIiH. IT 

1elect1DB a t&TO:rable operation point on the curve Of the arra:t1 ODe ca 

..U a tawnble am 1n J'llul,aticm: JlcMrv'er 1 a weiaht :lncl'eUe of the a.rn, 

will be the result. So that in the final ~is veilht 'becc.et the 

detel'lliniDI tacotr. There are IIIDY considerations in this regulation priM 

of which is the battery. 1'1'0111 the stmlpoint of the battery the J'elll].ation 

11 detel'lline4 b7 ccms14er1ns depth of di1charp 1 cJCle lite, ID4 ult1MtelJ, 

reliabilltr. At this tiae Vith a 28 wlt 111t• IID4 22 cella per batte1'71 I 

feel that ·lOins to plus or ld.nue ~ ie reaaonable. When JOU set 1Dwlft41D 

depthl ot ditcharset aa hish u 50 to 7f11,, I don't believe that ,ou can c1epeDd 

OD a plua or ll1nua l~ filtU'e. 

Q. You iDticate that the hiP 4eptbl ot diacbarse occur onl7 4uriDB the 

MXS•• lbl4ow periodl, but durinS the lhlld.ovle11 periods the batte1'7 ... , 

contilwoua onrcbarp. Ien't thit a verr ltable cODIUtiODt 

A. Yet, but the l'fiU].atico fisure• are the extre.e over the entire orbit 

period IDil tbereton .at inclulle both char&• a diiChazp CJClet. 'Dle 

chazw1DI ViU be cklae at 1.t.7 wlti per cell, 'but the ditcbarp wltlp 

vUl be 40111 to 8bout 1.08 wltl per cell. 

Q. lov wbtD the ftblcle 11 in hll tunl.ilbt tor two or tbree -.atbl at a 

1tntcb a the batten•• an at tuU over charp, cao w aet replatiOD 

l1111il u V14e u tb11 pl.UI or a1Jlua l$t 

A. It oae 1• v1l..11Da to COD814er a "HUOD&l nplat10D" tM DR l.SII1t 

Ylll be ftl'7 IIU'IW. ...,_r, later 4111'1111 tile pel'lo4 ot tbe ,wq t1ae batte17 

wJ.ll .... to ~ JOIIII' IDI1 tbenton operate ill tbl 411Cbarp 1'111•· 
-· DoeiD't tM bat\ftJ ... 418Cllup 4u1DI tbe 1fbo1e ,.., 

-Z-t/• 
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A. (Chorul) Jo. Dur1JJ1 tbe 4&7lllht period the batte17 il •rel.J tloatiDI 

8Cl'OII the bullo 8o that for fol't7 4a.7l the 'batte1'J PI tbroulh a cllaJ'p • 

dilcharse CfCle 1114 for tppl'OZ1Mtel.J 100 4ql il DOt diacbUpcl at all. 

Q. rrca the atlll4po1Dt ot the 4eaiper of th• electl'ODic equi~t within 

this vehicle what figure ot resuJ,ation doe• he wrk ton:de 1 

A. Plus or 111Du1 ~ tor the tull ;rear. 

150. I th1Dk there 11 SOM ccmtuliGD over vhat the orbit ia IDCl 1lbT w have 

llsht 1114 dark pertocll. It's a polar orbit tor the STaR pqra. lor the 

~ hour or'bi t 70\1 also have llpt 1114 4arll: per1o48 'but DOt of the eae ratio 

u the 6 hour orbit. 

Q. Ia 't the 24 hour orbit practical..q all 11mlishtf 

A. (Chorue) Jo. 1'he nlm'ben are tpproxlatel.J u lhOVD em the 'boar4. !here 

are 4o -- ot c!arll: periocle with a _,.,_ 4ark period ot 7lii1Dutea. !1111 11 

tol.lol'e4 "b7 &pp1'QZ1Mteq lOO-- llbere there are DO lhldon. .AD! tb11 lp1D 

i1 tollove4 'b7 the ... lbl4ov perioel. 

ec-Dt: It ,1Uit happeDI that 1D the 24 hour Orbit there are per1o41 of DO 

ecllpeee wbich are ~ut a'boat u lGIII u tbe 6 bour mit. tw are 10 tar 

flll&7 t1'Ca tbe tVth that .,. tboulb ,oa are em the equator ...S. 'becaue tbe 

equator 11 t1ppa4 23 4elree• to the ecliptic it tum• Ollt that ,oa pt a'bcNt 

the ... per10cl. !be wez1•• eclipMe are a little bit laDpr lib 8o aiallMI, 

8D4 the per1o41 ot ecllpn tiM an about tbe ._ ...S. tbe - lealth ot tiM 

1lbta J0U pt DO IClipaMo 

Q. ror the~ boar ontt '1111. tbe ftriattcm mtap 'be u Ech u pl:u or 

ldDU81$t 

A. 'lboM an tbe t1pnl w an uiDC at tbe pJ'IMlt tiM. 



It our laboratory tests show a decided decrease in tboee fiprel ve v1U be 

110st pleased. That 'a the onl7 1nton~~.t1on that I can pve 70U at this tille. 
. . 

144. It I can go back to the radiation question at pds time, have any con-

siderations been g1 ven to the stopping power ot the isatertals in the back ot 

the celll! 

147, Rld.iation protection works out to be a function ot the clenai t7 ot the 

ateriala. !ecauee ot the stntctural Mteri&ls require! to support tbe cells, 

sutncient protection will alvays be present on the back of the cells. 

130. I don't Jmov what your stntctural design 1s, but in the ~kheecl con· 

tt.gur&t1on their backside is eseential.l7 open. In your pbylical &ITIDI.-rt, 

vhat do~ bave on the backside? GoiiiS t:rc. back to front we have an &luaima 

hon.,.cOIIb, bol'ld1ng •terials, solder of the ceu, 1114 tinall11·t1Pt Mterial ot 

the cell. 

151. !Yen if~ have noth1118 on the backside ot the cells JOU still have 

0.020 1DC!1e1 of lilicon u a b&:rrier becauae it 11 the top l,aJer ot the cell 

vhich 11 4-secl b7 1'141ation. 

ec-Dt: 'l'be Jb11icl of the cell 11 IUCb that ~ den •t Vlllt to 4elt1'01 the 

YV7 tb1D ~r on top 1114 1t 4oell'l 't Mtter if JCN 4o a little 'bciiiHI'41III ot 

. tbe .ateri&l oa the bottca. 

138. Bu UJODt looked into the que1t1oo ot 1ec0Dil&r7 nd1at1cn if JOQ an bit 

fro. tbe back b7 a b1sh ene117 proton or tl.ectrcn! 11 tb11 1eccracl&l7 ndi&ticn 

...thiD8 to 1101'17 &beNt or il 1t a ltCOIIdaz7 factor! 

152. b test tbat 01 J'ID at tbe OeDeral IDiinHriDI Labontol7 in 8c:biDictlldr 

1D41catecl tbat tbe ~11111 u tar u the &lui on the top il ooncei'Mil, 11 

Jlllltpltlt ~ to tbe Nta ._. at tbe tDtl'f1lenb ot tht ~ Jlou o*t• 

aat 1llae J'Oil pt 4GIIl to tbe ilmtr YID AlleD belt 1t 11 IDOtblr ltoi'Jo 

-z.~-
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113. If the J)nn!iptiOill aa t1ie poeli'bilitJ of protca fluzu are true tlwn the 

protectica ot o.o1o to o.crro 1Dche• of slat• or quarts v111 DOt do ver'1 alCh 

lllf.ilurt the proton•. At leut cataeter thic:Jme•aea will ·'be required to •top 

these particles, however, the thiDs that ve WOUD4 UJ) with - 8ZI4 the thiDS vbich 
if 

cae trca Van Allen' 1 recent tlux infomation - ia th&t/iou will tolerate a 

atatilrtic dq1'14atiOD due to the J)l'OtOill - you protect asainst the electrons, 

JOU can set ,our out-put for one ;rear's life 'byiD 1Dc:reue of ~ 1D the total 

area. 'l'he dec:reue 1n out-put tor each fol.l.oviDs 1ftr vill 'be lop.ri.tlllic. 

J.68. By haviDS the NIWft JM!OPle here, ve 1ene to brizlc 1n a lot ot other 
' 

pro'blal. I think we've sot a SOOCl picture of vb&t'1 S01D& on 1n th11 prosna 

IDd the Jro'bleu u the7 1ee it. 'Dlis tiel 1n with IC. of the pro'bl_. ot 

other prosnu IDCl ve will set the 8ptC1f1c det&ila u these prosr- are clil· 

cuaHcl. AD4 now I thoulht ve'd haft the ol4elrt experienced sroup up ben to 

cli•cua• the UD/tfl1JM pi'Oirla. 'ftle7 haft b8eD 110Jti.n8 on th1• »rosna aince 

'befOre .ARPA. 

Na looU like ID ideal t~ to I4.10Ul'll tor lUDch d ft Yill reeae the 

J)rop'la With Clmck Jurrell, 

-27-
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IV. D1sew~lion of SMm & MIDAS • C. Burrell • IJI3D 1 SUDDyvale, California 

1~: I hope you tella' s are more gentle vi th me than you were w.l th GE. 

Lockhee4 't SAP ID4 MIDAS Pl'Oil'UII are done 'UD4er the cosnizance ot 

AP/'IIIID ID4 uees the Lockhee4 AGEIIA·B u the basic 'Nhicle tor thete two 

syateu. !be MIDAS prosram uses a vehicle on a 2000 llile orbit (polar) 

ADd carr1ea an IR detection system as an early warning device tor tbe 

detectioo ot rockets, ICBM •a ID4 so forth. 'lhe SAI«lS vehicle is of the 

•- tDe operatiDB 400 111le orbit aa4 11 pr:lmarily a recoazua1tsance 
II"• 8-Z vehicle. (Pboto), '1he SAlliS 'Nhicle will Cl.l'r7 a~ lb payl.ol4; 

ta. MIDAS appz'QZiatelJ 2000 lbs. ot thit ve1Sht approxiatelJ ten to 

fitteen per cellt 11 allocated tor the auxiliary power, In electrical 

l.ol4 tbe MIDAS nhicle intrared SJ8telll operat10Dal nrlioo vill ue a 18o 

vatt annae powr solar pbotoYoltaic ayatea. '1he peek power requi~t 

vUl 'be oa tbe order ot 1. 5 kv. 'lbe dlftlos-nt vehicle tbat w are 

proceecllDI vi.th at tbe preaent tiM carrie• a IUitable emmt ot 1Ditn• 

..-tattoo. It operate• at an .nrap power ot 320 watts. 'b peak power 

NCJ&i~t 11 still 1500 vatts. !be SMI)8 operat10Dal nn1on 11 275 

watts u4 tbe cleftlos-zat nr11on ltoo vatta anrqe u4 &lao a ptak ot 

1500 vattaJ tbl171tla 1D 11• 11 probably 'fti'J' clOH to tbat 411cuaH4 

'J Ql, DariJII tbl ~t period ot tbeH ~ W Mn COIII14el"'4 

tbl fDII U'l'lll 171tt.1 tale ql1114rioal &n'llfl U'OIIIII\ tile CIII'U14e ot a 

ftbiu IDI t1MllJ -.. up ciH1d1DI •• u 01 hll 1Dticatecl tbltr dHlaiOG 

bu bta •• tbat tbe Glll1 practical approacb 11 oat 1D vbtcb IOU voul4 UH 

ID ozUDtatica ctODtro1 .,ata . 
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AI the fthicle 11 tl oa tbt ~ter w haft a 14apter aect101l that 

11 ta on top ot the 'boolter vi th the tiDk ltct101l ot the velliole u •hom 

ill f1aure __!_. Pqlold 11 up top 11'14 tol'ft1'd ot the boolter. We J&C]I:ap 

the IU'1'a7 on the an equ1J81Dt 'beaa-betnen the tuel tiDkl 1114 tbe 'boolter-

tor ucent. bre ia a section on each 114e vbere the plate• Clll be 

tol4ed up. 1'he reat ot the lp&Ce ill tbe back ia taken up by preaaure 

apherea tor the ens1ne IDd the ftl'ioua p1ecee ot equi~t tor tbe 

pl'Opl].sion ~JBtea. 0pe:rat11l8ill orbit the vehicle 11 arraap4 aDd 

atabil1ie4 DOH dovD, the adapter •t818 011 tbe bomlter vehicle. (See 

f1sure 10 tor the launch COiltiauratiODI a4 the cl1rect1ca. ot depl~t.) -
Ve have arranp4 it 10 tbat tbe anq will opeu up 011 k1ll4 ot a laq

tcmp attair ID4 110ft out u lhcMa ill tbe PNY10UI referenced. flaure. 

b vehicle 11 ill a :polar orbit ad il 4u1pecl tor a ~ 1 Ute. It 11 

an:u114 to t:ract tbe 8Uil aboQt tbt arrq m•. (a.. naure // tor 

abtchea ot tbe eartb, 8Uil1 J*141e al11DP'"tl.) 

!be 1a;rout ot ctll8 u CCIUtnat1ft trc. a IJB'tla deaip. I atabt 10 

tbroatb tbe ~t ot ctlll, etc. We -.,lo, a buic collector ~t 

tbat 11 J.11i 1DcbH vide z 18 1Aebel 10111· 'lata coUtctor el-..t cam• 

'1'0 celll. !be eleotrioal. 1DDer camect1011 11 aucb tbat 10 celll an 

aoldencl ca. to a 'bu1c 1tr1p (lonr). !btl tben "'"'' ua a •illlle buic 

mlu1e ill vbicb 10 ceu. an OCDDecte4 ill 1•-••llel. !be ~ tell cell 

wolrll• an tbiD CCIIDHW ill Hrill to liW Mcb JI&Ml a 28 YOlt Ol&tpat. 

!be WilD 11 1Dteade4 to tMWtate tbe wztww ~ e.rr.J tnaafer 

-~r-
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throucb the 1;y1iell to btp the celll l'UDD1D& u cool u :poelible. Wt 

are ll.lo ltldte4 b7 lp&Ce tor l*ka&inS the 150 square teet of array. 

'l'hel"tfort w have CCIIIIe up with a dee1p that incorporates the JIIIDII1WI ,.,,.ll 
1htet with cut-CNta btb1D4 the cell•. 'the celll are then cemented OYer 

theae wiD4on • 'lbereto:re, there 11 no barrier between the back ot the cell 

1114 1pace • t'bia 11 an ear~ vereiCD; later ventcaa will bt -.e of nickel 

ebeeta 11'1th holes pmcbecl in it to pve a 1'\lr.Mr wi&bt reclucttoa u4 
,:, •• 13 

inc:reut the thtlWl n41atioa. J'rca a relit.bilitJ :point of viw w 

cClllli4ered the uae ot a ah1D&le4 coutruction 8Dd felt tbat 11'1th a 

abtnalt4 171tell the loiHI b)' open circuit ot ou cell 'IOUl4 c~t Ul ~ 

~ tbt pc:Mtr out-put ot the paeuae. 11 uiDI the parallele4 ~ of lO 

ctlll, the l~• of oae cell il ~ noticeable. !!til .. ._.. tbat w 

Y1ll aot 11t 1DJ bl'OireD vt.re•. Obrioual.J 1DJ bl'Cibn vt.:e• VOIIl4 Dock 

out the whole .oc1ult. OD the nhicle atncture each rr- 11 C(IIIOit4 of 

liZ of theN :puela. 0D the xmAS fthicle tbtre &ft 8IJ 1Dillnctual :piDila • 

TOll ca ... that t1a11 1J8tla 11 ~tber Hnre~ onr-4elip4 'btcaule of 

the 11DCU"ta1Dtitl in tbt orbit operatiDS cca41ttoaa. b QtCltie&tiOD 

tor tbt pMr 01.1tput of tbeH :puell 11 10.7 vatta or about 6.2 vatta/ 

•t· ft. 1!l1l cornapala to ID annp 101&1' cell efftcleaCJ ot 8 .. a4 

I'Hltlll ID u. etficttDq UWD4 ~. Vt ut a ftl'le\7 ot I1M8 aU. at 

tbe pn1.t U. a1a1J tor -.eratun ccatrol a4 ... JI"'*UOD tna tbe 

'fill A1la 1"141attoa. 'at cella at tbt pnltllt ts.t •• 0 .oo6 1Dda llan 

wttla ~ eo&tiDCSOlacoat A. Otbtr alia.t 1D tbt ._ U'l'lf baft 

Solaooat 1 11111 1t1ll otMn an \lllCO&tecl. It 11ata to ~ a pa4 

•JO• 
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D\lllber ot the panels to set informatiOD-.011 tbe perfoJWDce u a tunction 

of _S].UI th.~ctne.,, C).ale ~oat1DC1 back aillivity, the ~t fi• wld.ch 

baTe been applied to the bt.cU of IOM cel.ll. !Die PDfral 14ea of tbe fil'lt 

few lhotl 11 to inltru~Ut veey tborouFl1 1114 cletenille. the perto~ 

under the above cca41tiou. 

IJ2: With reprd to 70\ll' orbit I wcul4 l1U to -.ntion tbat th81'e 11 

one orbit vbere the props lion ot the noclee 11 equal to the .otiOD of 

the earth around the IUD • 

1~: I lhoul4 have .-ntioae4 that 011 the SAIIlS tl.i&bt tbat 11 ..-t 

prDaril.J tor photo recoaDaiiHDCe, n cleliberate~ e1tabUiblcl that orbit. 

It il an 81. clesree orbit, I belien. !bil v1l1 pn ua 001 uFM/k:i 

ntroare11ioo aD4,. v1U -.1Dtain a DOOD onit. !be onit 11 alao CJ.Uite 

lov • 247 1111e1. The 4raa of the ty8tell (lolar &rnJ) ..U.cta the ftbicle 

attitude. (See f1&ure /,J ) • b nhicle l1De of tl.labt 11 &10111 tbe 

X -axil u ia41catecl 1114 the &rnJ oriatecl &loaa the t-axi•. 'Dal 4nc oo 

the v1Dp 11 10 peat tbat tbe att1tu4e 11 off. !benton, it bu bee 

McetNI'J 011 thole particular flllbtl to chap the &l'f&J .,.U. to a DW 

cca41tiaa. (See tipre 1¥ ) . Since w haft ntab111b14 a :retropa 

orbit w v1U aintaiD the DOOD orbit plua or ld.DUI 2 IKNn. bra will 

Dft'lr be 1111 reuCil for the U'J'&7 to tract. 

~: M tar u I kiiGir JOU C11D f1D4 auoh a~ odtlt tor all 

k1D4I of alt1 tu4el. 

~: art tbe fl1&trt obJeatlftl cblall 10 tbat 70'1 a. 't c1o t.bat. 

l'or ...,le, tbl MIDAS ftblcle a 1Jl1iet 1a to baft l6 ftld.clll 1D 16 
-~1-
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different orbi ta so that CCIIIPlete coverase is achieved. 

' .. 
~ . ' .... 

138: What is the direction ot the earth in this cue? 

1)1~: The z-axis is down and you are in a noon orbit so that the 

paddles do not have to be turned around ei tber axis (they are static) • 

(See f1aUre I Y ) . 1bia is an 84 desree retrosra4e orbit aa4 

the Tehicle ia alft11 in the aae plule aDd the array ia tlat out. 

138: 1ben you accept the peaalty. 

134: Yea. Jecauae there is nothiDS else we can do. It ve cbaDp 

the axil of the pad4lea aa4 orient the pa4dles, then the ctna 11 eo hip 

that the attitude is thrown ott. '!be requirement. for attitude control 

are 1.5 4esreea. We cannot set this Vith the 1Dcreaae4 ctna coadit10111. 

liJ5: Bow do you set these taos tbiD(p to llOY8 outt 

l,31t: (See tipre 1$' .) !here 11 a aet ot Dill 1prin&l betvHD 

each leaf • so to apeak • 10 that the aprinp tumiab the .:»tin powr. 

B.u:k oa the lut 1'041 ( 1D the whicle) ve baYe a 1el4 acrev IDI1 a 1..U 

DC .nGI' to fumilb tbl CODtroll1nc power ot a,l~. lacb villi 1a J.8 

teet 10111 ud ~ 1Dcbll Y14e. 

151J: When tbeae .ave out 11 it Jutt a tvo plaae ettectt 

~: tea, lt il Jut a flat Plftll. 

-12-
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154: Wbat is the wipt of each pa44le? 

~: 1~' inch x 18 inch or 2.1 lbs a piece, With the hol81 1n the 

nev JIIOUDtins panels ve expect to achieve 1. 7 1bs. Since the paDe1 11 1.8 

sq. ft. ve are sliptly \Ulder 1 lb/s~ foot. 

138: If the array is 150 square teet 1 the wipt of this 1111t be 

about 150 lbs • Wbat is the wight ot the total power IJ8tellt 

1~: '!he ve~ht ot the total systn ia 26o lbs • !his 1nclu4ea 

batteriee, arr&)', and other llliscellaDeous equi:saent • 

em the ae1ection ot the nwaber ot cella JOU can draY a aet ot cune1 

ot llillavattl vs cell voltap (See fisure..l.!._.) u4 set aut ot cunea 

which lhov the ahitt ot operatins point vitb ""-'n.tun. Vitb the 

var10111 1licle cover~ ID4 the tberal atu41el tbat w haft ...S. w baft cc. 

Pft'tt7 cloH to the cleaip po1Dt tbat Gl bu calcalaW tlaelr cpratiDC 

tllprat.ure to be. v. •ar ·tt v1U run at 108 c1eiNM r. Plea tb1l CN~W 

w t1JI4 that at 100° w v1ll 'be operatiDS at .39 wlta per oell tor tbe 

MX'•• ponr ti'Uiter poillt. 

13\: I .-. 1:b1l 11 a C&ITJ-oD trc. the llft1labl.e llu\lwN -.at~ 

Mlipll to operate at tbat YOJ.t~t~t. 

-31-
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134: If J011 ao to a ldper voltace JOUl' vtr.1 pt ealler &D4 )'CU ruD 

into a atrusth l1ll1 tat1011.. It JOU ao to a lower -voltap tbe per COD• 

version etticiency becomes lell favorable. b maJority of tbe available 

trtDaiator equipment available at the start ot this prosram worked better 

at tbe lover voltep ot 28 ~ tomed the bu1a tor continuiDC to operate 

at tbie point. '.the volta&e resulation on the unresulated part of the 

&UXiliU'J poRr •11tem 1a 22 to 29.25 volta. Tbeae were eat&bl1ebed in 

tbe "lfnuina by a co.parat1ve au.lye1a of tbe charp-cllacb&rp lillitl of 

a II-CD batttr.r 1D tbe aolar &1'1'&1 .,atea plua tbe tolezuce of a ailftr· 

perox1a.t-s1Dc battel'J 011 4iacharp tor use on the PJ'OIIU• ~11 11 baled 

OD tbe deaire to use as .acb of tbe DISCOVER equipment u poaa1ble for 

tbe SltlG/MIDAB propaa • 

154: Vbat 11 tbe depth of cUacbarp tor tbe ,articular TOltlp 

replatiOD' 

134: Abcut 1~. Deptb of 41acharp does not enter our prob• becaute 

w baft a battel'J 1n tbe aecca4 etap nbicle vbicb ve CID allo UH u 

tb1a 1pue '*icle '11*· bretore tbt aeccad •tile batte17 CID be 

1IH4 dU1JII tbl ucat Jlbu• to tumtlh powr. !bil pwe ua a prett, 1004 

a1H4ll&'ttel7 tor orbit UH· !be ucat la.4 11 Oil tbe cmt.r ot 1.5 b 

aa4 tbl trip lutl tor abollt 111 bOIIl' ID4 a b&lt. SO tbe 1014 11 pn"J 

b11'a· 'la1l pata ua 1D orbit 1D a aear 41acbarp CODI1t10D 10 1:11at if tbl 

U'l'llf fai18 w baft Ute - lllcMt ~ JIIHI· 
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~: At tbe t:lml the MiD ontDtat10D 11 acOCit,PUibld tM Ylhicle 

11 Wider control ot a pe Jet eyetea. · (See f1p.re I{ . · . ) It 11 

operattq throu&b IJ1'0I ID4 u IR l)'lltem ao that ,. 4o haft control and. .a 

ID attell,pt to l'Uil thea cut at the , ... rate. Bonver, the two J*41e• an 

DOt tied topther but rather are rwa b)' aepan.te 4rive .non. I'cl lib 

to talk about the reclundaDq ot tbe eye tea. (See t1aure 11 • ) lacb 

v1DS hu ita ovn or1ent&t10D control eyeta &ad 11 ca~~~letelf eepan.te 

trca tbe other. !'heretore it cae taile the other ¥111 etill CC8 out U4 

wort. rrc. the ltmlJ101Dt ot tbe electrical coatrol each viDa 1a c1.1ria.ct 

into two 'Wlite. (See ttsure I 7 . ) Prcaa ID electrical poillt ot Tin -
tbeD w haYe tour 1D41v1c1.ual eourcu - arq ot vbicb coul4 tail aa4 at1ll :per

llit hl.l IJitela operatiOD • 1!111 liY81 Ul & $ AtetJ ..z'lill • If OM 

ta1lec1. to tract but c.- out, IDd the other c.- wt u4 c1.1c1. tl"&Ck ,. 

vcul4 be 0 .t. tbere allo. l'rca that poillt ot n• - han • c1.ual. rec'hmd•t 

~y~tea 'b7 tn.ck1q aa4 'b7 tbe 1441 tioaal electrical pmel. (See f1eu'e .!.I.J 
rrca tbe &Z"l'&J w ao to a ..u 'black box 11b1cb ta a Nplator to tbe 

b&tter.r tbrouab a c1.1o&t to tbl bwla. !Ilia 11 n:peate4 tC. tS.U. !118 

aiD NUOD for tbe Wltlil C0Dtrol11 tbe '-~Jeratuft CGDtrol ot tbe 

'b&tter.r u w c1.1ecuanc1. it Wa ml'DiDI· It allo :pend.ta 171t1a wltap 

ccatrol. Aa ,.. P:rosre•• traa a DOOD or'bit to a tv111abt o~1t, u tbe 

.... oaa cballllw ¥111 pt tom orel'Cblltlt coatlt1CD. It 1a dn1nbla 

tb&t tbe cbarp lie aiNt ott or nclucec1. at tbe U.. w bit CIQZ' 29·25 wlta. 

Dlere 11 IDCJtber CC1111del'&tlaa tll&t w baN biiD ~ ot Ml t1a1a S. 

•JS• 
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e011141ticDI 4u to tat. fthtcle p1t1cm 1D orbit u the 1e110D1 cbup aa4 

· becauN of tbl ehup 1D pMtr 411tipate4 'bJ the ape~ ca bout. !be 

1014 or eDer&J ut111saticm 1D tbe nh1ele can T&rJ 'b7 a taator ot tc. we 

tberetore ecap~D~ate tbe voltap resuJ,ator 111 a tellperatul'e pickup at tbe 

batter,. 

162: Do I UD4entiD4 that OIDI paul VO\Il4 IUJ'»l1 all tbe l014t 

Vb&t woal4 ..,_ to JOilZ' .,.. 1t ,1ult 0118 pael c.. Olltt 

1311-: ·u w loH balt of OM J~~Ml electrica~ tbe .,.W. ca 1111T1ft 

1DdeflD1 te~. we can loee 0118 puel 8114 n can PJ'Oil'lll tbe 1014 u4 nrrtft. 

165: Vbere 4oel tbe power so vben 7011 t.ft all JIUell cJepl.CJ,e4 ID4 

oput.tiqt 

~: It •t&JI Ollt 1D the peddle • 'Dle replator can be UH4 u a 

mteb. (See npe_fj__.) Wbel1 tbe voltlp n••• 11111 tbe batterJ it 

obU'p4 (29.25) WI np1&tor w1ll .UtaiD Jult tllOQit1 cbarll to bol4 that 

'f011iqlt, !!dl 11 a1Jo tellplratul'a CCIIPIJII&tecl 10 tbat 1lbiD tbe batterJ 11 

na1 11ot tbe nplator 4ropl to a loftr W'da• 'fOltqt JOilrt. 1f1tb tbe 

.,.w. at 7rlr till catcMt JC)illt ,..tiler nplator cutl ill 28.25 YOltl. It 

tbl t1111n•tun pe &Ml to YP r tbe 'fOltllt pa up to 29·25 'fOltl. e. 

~ ot tbe battel'J ... to ~ ,, tbe "fOl.tett ... -- to 26., 
'fOltl. 

165: It JGil an at tbl 29.25 .a JOil atUl baft ata J1011V oca1DI 

tna tbe aolar arnr. •n doel tb11 pMtr ao tot 

-J'
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3.34: It'• 41111Jt.te4 u beat. It tbe 1014 '111141r t,btH COIIIU.t1cu 
i 

11 350 vattl the ll'ftJ 11 purat1q (em a tv1l.i&bt orbit) a'bollt tbrH 

tS.1 that lllch or abollt cae b. 1he replator tlmct1Cill ~to l.t 350 

vattl cc.e thJ'ouib. The re1t of 1 t l't&JI out 1D tbe lliDtll· 

138: Bow doe1 it 4o itt 1Jl1111t1DI the CU1'1'8Dt 41'&VI1 trca tbe 

~ 01' clot• 1 t byoptt cutru.t into • l'ellltort 

134: It lJaite the current. 1J bi'1DI1D81t 1D to a re111tor voul4 

Juat 144 to our ther.l problea. 

1J 11olat1Dc each of tbe f~ electrical 1IIMl. Qate. b7 a 41<* 

ve pt 1tolat101l 4ur1q tbe ucat Jlbale 10 tbat vbell w tire tbe · tep&nticm 

't'Oltl IDI1 otber P)'l'OtecbDict the beaY)" currellt peUI are DOt na b7 tile 

.aiD ~ of tbe 17118. AI 70'1 Jalov tb1l 41o4a 1IOill4 ·COlt Ul » of tbe 

totaleurg. 

1.1!8: Do 70'1 ban bloctiDC 41o4H 1A tbe ft&Ulator bell or ca tile 

~ 

l]IJ: aa tbt &rl'&1· .llda ,._1 bu a HJU'&'te blook1nc 41o4a. 

(a. t1pre 1.0 • ) ,.. • &1'1'&7 c:elJA U...lftl .. b&ft .. 41oda 
t.· Z/ 

ill tbe I.ZftJi w bin ov YOltap replator!~• ccuiltl of a tnuiltor 

.... .., • oatMtor. .. ccatactor 11 COIIIIICtt4 10 tllat ... tbe 

llatt.ez7 YOl'tlll 11 lolr tbe CCiltMtol' 11 ol.oMIJ tblretoft tbeft f.l DO 

YOltall 1ou 8Cl'all tbe u.aaw. I'Giu ta. .- tlaroutlliDOtller 

-J?
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1D4 tbe lut 'blockiDI 4io4e. 

148: Wbat is the current ca.rryins capacity ot the contactor'l 

~: Six amperes • 

148: What is tbe reliability of that contactorT 

1]1.: Ve VOilld eatillate tbat the thins voul4 operate a'bollt once per 

pass. Por the noon orbit it would operate every time 1t went into the 

dark. It voul4 close. From tbat point of view a cODtactor vi th a 5000 

cycle capability should be satisfactory. It it tails 1n the closed poaitiOD 

it wipes out the voltap resulator ancl your battery VUQJ.4 be overcharpcl. 

It it lockecl out in the open position your battery charSiDa rate voul.d be 

recluced. 'l'hia could only occur by electrical failure ID4 we have aelectecl 

the coil so that it vill tall out vben the a;ystem reaches 18 YOltl. 'Dae 

probable point ot failure ot the clevice is the traaa1stor itself vbich 

voulcl taU 11 a cloaecl circuit. If tbat taila u a cloaecl circuit it 

cauaes a 1 oba reatat&Dce to be inaertecl betveen the array &llcl the battel')'. 

1be replator tbeD VOIIlcl cODSiat of tbe coatactor 8114 a oae oba relistor. 

'1'h1s voul4 pel"'li t a tvo rate cbarslDa cODtrol. Ubcler these coadi tiODS 'the 

nlq 1101114 CJClt quite rapicll1. 

138: II tbia a •cbanical eoatactort Does it vort in a vacaua! 

l)lt: It•a Juat a electrical relq in a hez.ticallJ Halec1 

pacbp. 

ec-.at: It tbe relay l..u ill tpaCe the CODtacta will wl4 toptber. 

_, ... 
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138: Have you looked into this problem ot cold weftns in spacet 

134: We have. For the last t1ve years. And we are not worried about 

this . We've sot lots of other worries • 

168: Do you have any reports or data on these kinds of tests? 

134: Most of the detail was done by Eastman Kodak in the development 

ot the pqloed system. There are a stack of reports • The main assumption of 

the cold welding is that ~e oxidation will go away and you will then get 

molecular bor!ding between the contacts . It 11 'lit'/ understanding that 701.1 have 

to maintain the surfaces in intimate contact tor a long time • I think 

that the rela.y operating once per orbit (1.5 hours) vill be enough motion 

to prohibit welding. We 1111gbt be surprised. 

151: There are people who are not convinced that relqs in vacuum 

or My mechanical contact are going to be perfectly reliable. 1bere ia a 

paper by scae Lockheed people on this subJect. 

134: I Jmov. We have a Lockheed paper vbicb 11.)'1 batteriea will not 

operate 1n orbit . a.tt they do. While we are en a discussion at the vacuum 

problea I llisbt point out tbat the bearinp Vill be a chal.lenp. 'ibis 

question arises troa the desire to IIIO'Ve the array in both rotation and 

tl'IUlatlan. (See flCure~.) We need a drive aysta that hu the 

leut poalible bet.rins aurtacea unit. If poelible we vut to nlect thOR 

beariDp 10 tbeJ are DOt operatina Wider ccnd1 tiou which v111 cauae 

bond.Sns. Lubr1cat1ns tbe bear1Dp 1a1 otter a poeaible aoluticn. Ve haft 
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a Ht up 1D vbich tbe ..ua 4rift tor the &1'l'aJ 11 a ttlpper-.otor coa

b1Dat1oo. Dae t'tepper40tor 11 a contiDUCNI rela7 ot a sort. the 

particular ones in this clesicn operate three clegeea 1n every step. We tben 

arraDp the IJI'tem 10 that CD _,tor 11 above the other &Del are CODDeCtecl 

to tbe arrar to benl para. !bit then SiftS ua two 'bear1llp tor each ot 

the .otors • Dae ratio of the benl ia two to ODe. V1 tb aae .otor turniDI 

clockv1ae aD4 the other tUl"'liDg counter-cloekwiee the arr&J move• about 

ita own axil. To set a translation rrc. the vebide X to Y axis both .,tori 

are operate4 1n tile , .. cUrection. 11M clrtve mtor electronic• 11 probablJ 

the .,.t eCIIIIplex part ot tbe or1entat1oo 111tea. It takel a ratber 1Dtr1cate 

••nu ot pulJel to actuate the 1tepper .oton 1D tbe cle111'14 41rect1CIDI 

1114 at tbe &pJI'Opr1ate tiM. 

138: It 70'1 tum both .,ton 1n tbe •- 41reett.on bc:N 4oH the 

arrar.,., 

~: !tit arrar .,.. 1n an pnnl&J' .ot10D ( ai'CIUD4 tbe u18 ot tbe 

.otor). (See ftpn l .J tor tbe foUolriDI 411C:UI10D): 

lor ID ablolute polar ortl1t, vben the nbicle cmtit plul 8ti.JI 

t1D4 1a qaoe w ailltaill tile U'l'lp oo the Y ail pos1t1oo at1 w pt 

40IIl to tbe JODt lboa. After tb11 JOillt w f1 nc' a tnaalat1ca to 

tbl 1 au at WI ~5° JODt. It tbl pOIIII4 cCI nS. ta111 to 1ttect t1Mt 
0 0 

tz.alat1CID tbt .,._ v1U pJ'OII'Ia tbe tl'lulaUCID 1tHlt 15 after the,, 

JOSDt. 

- t'tJ .. 
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138: Does the vehicle uoe expulsive sas tor control during this 

translation period? 

134: It takea about six hours tor the vehicle s:ystem to recover fran 

this translation. Fly wheels are used tor the stabilizing forces during 

this period. We hope that we will not have to. use the ps a:yatem to slow 

down the fl:y wheels. However, the gas Jet s:ystem is there to be used if 

required. Supposedl:y the fly wheel would slow down due to the EDDY 

currents of tbe earth's magnetic tteld. 

165: Do you have tour oeparate batteries in there? 

134: Yes • T'ne:y wef.sb 57 lba apiece. 

165: When the tour panels are operstins 1B tbe depth of diacbarp l~? 

134: 'lbat is right. With one it would be about 35 to~. 

170: When :you are at the ll.lnimwa power collection value (rousblJ ~) 

do ;you need all tOW' electrical arrayst Or can ;you pt aJ.ons with Just 

three arrays? 

134: We can aet aloras with Juat three &miJ8. We have 153 sq. teet 

tor 350 vatta. '!be collectora are 6 .2 vattl per aq. toot. 

150: Could ;you drive the V·I curves IID1l ahov the operatllll :pointt 

1]1.: lot at tbia tWe. 



150: In calculat1q tbe operatinl point )'011 atatecl tbat tbe tellperature 

vou14 be 1o8° r ID4 a per cell voltap ot 0.39 volta aa4 ·74 cella in aerie•. · 

'lbil voul4 Sin )'011 28.86 vo1tl uxilaua. \ YOil bave tvo 41o4ee and a t1'8111iator 

in aeritt with it. Depe1141DS on wbere )'Oil are operatill& I cazmot UD4entu4 

how 1011 set 29.25 volt.. 

1~: It clepeDdl on tbe batter,y ttllperature. i!at characteriltlc• 

ot tile reiU].ator are •uch that the operatlllg volta&e can vary betveen 

26.5 &Dil 29·25 volta depm''ns on the batteey tellperature. 

150: It the Mriw• voltase traa tb! array 11 28.8 volta hov cu 

tbe coa41t1oa ot tbt batttl'7 1Dcreue the voltap to 29·251 

!he 1olar arr&J voul4 dete:nd.De the hlpeat voltap. 

1,34: Ytl - at the hisbelt array temperature. We would so up 1D arr&J 

voltap u tbe ~ tellptrature decreaaea. 

138: Vbat 11 the lite obJective ot MIDAS 1D the 2,000 lllle ozt,ltT 

1,34: ODt tear. 

138: Vbat an JOU 4o1D& to detel'lllne the thlckDelltl of protect1CIIl 

..a.4 tor the eolar cel.ll api.Dit tbe Van Allen 1'141at1oat 

1]1.: V. ooanl.tld ne~ vbo vantl to talk &bOilt it. le ru a 

...._. ot Wtl witb OlD' Gill 1'1141at1Cil 1ource lid bl4 a Pfti11M Vltb 1nt1i11eJ 

to 1'14late celll 1ll their ecpl,..at. 

1'141aticat 
- f'l
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134: Yes 1 both electrons and protons • We would sure like to have 

U1body elae s1ve us additional 1Dtormat1on • the 1ntol'lll&t1cm we have 11 

confined to wbat ve read in the San P'ranc1aco Chronicle, Lite Mapi1De, 

and other things. Are there 1111 other wr1 tten reporta or other 1Dt01'ation 

that ve can pt that ~oeb' Jmova ot that 11 tomalized ID4 can tell 

us what 1 t is that w are euppoaed to be vonyiDs about! 

138: 1 have a report bere contaiDins 114v1ce that Van Alla save to 

our Goddard people on this last s-46 eatelli te that tailed orbit. 'lhia 

SUIIII&rizea what was knOWII. as ot a couple ot amtha aso. '!here is aDOtber 

Van Allen paper presente4 a week &SO 1D Loa Aaplea in vbich be lllltea 

the atatellent that cells probably will not lut .,re thll1 a tev IIOiltbl 

it tbe7 are bare. In cOQ,Junctlcm w1 th hla dlacuaaion on thia s-46 

aatellite, Van Allen recr:•ao4ed three c0Ul'H8 ot action: 

(1) M4 25 llf&/aq. ea. ot 111ca to the cella. 

(2) Lover the apope bJ about 3,000 kilc.ttera. 

(3) Add 100 rc/aq, ca. ot 111ca. 

'1'be expectaticm ot Ute tme 1Dcreuea with each ot the &bon COIIJ'HI ot 

acticm. We ban to kDov better about tbe apectna ot ta. eDe1'IJ 1D I]I&Ce 

ot both protou ad electrcma, In particular w 111ec1 to knalr vbat 11 tbe 

na ot protou below teD MIY. 1J extrapolat1cm w cu aee that Uaere 11 

& IN&t DUIIber ot the1e JrotoDI ad tbiJ _, 1Dtepate to PW ......... 

than tbe hlper eaezv cmea. It 11 a tairq CCIIIPllcatel CJUUtlca, It 

4e»eD4J upon tbt tbicbua ot slU• ad tbt J)IDitratica. !be hlablr -zv 
particles v1ll ao cm thrc:luP ID4 lift J011 "--t ill tilt critical J.tpr. 

-vt~-
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IT l'UDD1III celll at u elevatecl t.perature, J'l41atioo cJ-ae will &IIMil 

out. We pl.ID to 4o ,._. dellp expen.Dt1 utiDI both el,ectl'Oill aa4 protou 

utiDI l.ft.ilable re41at1on facWtie•. 

151: In 1441t1CD to Vu Allen'• paper there vu a p&J~er pre1ented 

at the lice CcatelUce on Space Scieuce about three ·montbl &SO vhich 

~zed. the data vhich hid beeu taken up to that time 1Dclu41DC 

tbe IXPLCIIIR VI lover uer&r data. Rosen of 8'1'L vu oae of the autbon. 

1~: What happen~ to otber leai-c0114ucton on the1e fthicl.elf 

151: Oenerally these are iDslde the vehicle and are 1hiel4e4 bJ 

tbe lk1D. 'Die blockiDa 41odea used on the arr&JI are pnerally pro

tecW bJ tbeir packqea. 'l!ae hlp eners;y ot the 1Jmer Van Allen belt 

-., cU.ctate apinlt flJ1nl tbat k1n4 of orbit. 

1~: I 1hould like to point wt that the" •1 'be a prob• of 

pwater 4epW.atiOD of hi&ber ett1clency celll as a re1ult of ra41at101l. 

165: Clll )'Oil 4elcrlbe 1c.e ot y011r battery ~•t prosraat 

~: A Mrltl of cbarp - 41s:barse cycle• oo a 18 aiuute d11chaqe 

ADil a 72 llill&te cblrp. '.ftl11 .umted to ~ ot ~ ot the eaerv 
1D tilt bat'tei'J• 'Dae wt ott lial. ta were 22 • 5 to 29.25 vol. t1 • We hid a 

ta1llare attu 2500 .-• We attribute the f&Uure to the battery 

..,.,... • 8aaotaDe 11 ill tbe procell ot • battery redalip to 1Dcor

ponte a...., MJIU'&Wr 1tructure. Ve laaYe wo chlntl4 tbe 4ee1p criteria 

tor tbl batt.err traa tbl onpu;. cr1ter1011 ot a hlp rate 'batte17 vbioll 

Ia a WI ~ tbl eMI'IJ to wilbt ratio 1D O!Ur to Nl tbe 
-t~v-
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electric hydraulic e~ipment during the ascent pbase, T.bie problea baa all 

been resolved by including a tuel • turbine pump ott the enstne so that we 

cen nov drop back to a lov rate batte17 dsdp. T.bie will incnue tbe 

enezv- to wisbt ratio. At Lockheed at the present time we are 1Dvett1pt1Ds 

the temperature variatiOD ot the voltqe/rate perto~ce ot the 'batte2'J. 

We Vlollt a aet ot curves ot voltap veraue rate plotted tor ditterent 

temperature a . (See l'isure 2 t ) We vill also run data tor three 

condi tiona ot the batte17: tully charpd, near diecharpd, and an inter

mediate poiDt. 

16o: From this 2500 cycle test h'N many cella vere uaedT 

1~: A complete batteey - 20 cella. DuriDS tbe teat tour cella tailed. 

'lbree of thea probabq due to tbe first failure. b teat vu run at 

l'OCIIl tellperature • 

(A batte17 diacuaaion occurre4 at tbia poillt 1114 tbe naulta an 

•~111Cl later 1D tbe paper UDder tbe bei41JIC of "Batte17 

Dl1CN8810D.") 

1)1.: On tbe or1sinal ualllblJ ot tbe penell w attellpted to uae 

Dietel u the base metal. However, w were unable to keep tbe1e cella to

ptber \IDder thea.! eycU.q. ltOYU vu 1ubltituted tor the llickel ID4 

pertor.cl Tel7 well. !be cella are boD4t4 to tbe lfid structure bJ a allicoa 

~t. 'Dle hcnuq ot the 11&1• alidea to tbe cell vu 4CDI bJ apectrolabl 

aa4 I 4o not kDov tbt CC111p011 t10D of tbe bcDl •ter1al. 

.. -~.J"~ 
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1]1.: Firat w l'lll hish temperature storap for 48 hours at 200° P. 

!Ilia 11 followed by lov temperature storqe for 48. hours a~ -100° r. The 

vibration teats are then run and consist of 7.5 s tor the frequency ranp 

from IW to J.oo cpa and 15 s for the ranse ot 4oo to 3000 cpas vi th 30 lll1D8 • 

in each plaDe. !his is followed by a hUIIidity test in accordance with 

atmlard 111111 tary 1pecs • and a top temperature ot 165° r. ~, w run 

~rature cycllns ot 15 1111.n. intervals of 175° r. in 15 1111n. of -&J0 r. 

vi tb a 15 llliD • interval between the 175 and -&J0 temperature • 'lhia teat 11 

carried out until 30 complete cycles have been accomplished. 

1~: !he lov temperature point tor the .Advent Prosrua vill be approxi

mate)¥ -lF/J0 r. 1114 is pr1JIIar1ly detel'lllined by the 111&11 of the pl44lea • !he 

tellperature vill drop lower as the wisht per unit area of the pl44l.e is 

decreued.. 

174: Ve haft 4orle tellperature eyeliDS testa ot cella u4 lhiqlea 

4oVD to the tapraturea of liquid D1 tropn ucl have foua4 that a plated 

.,~ .U.s ID exeellent .awttiDS surface any p1.4dlcl cella! 

130: D14 701.1 the~ cycle &fJ1' srid4e4 eelllf 

1 "': I 4o not recall any teats of lh1JI8l,ea at low t.prature blat I 

a au:n tbat cella baft been cycled at the tellperature ot Uqu14 nitroem. 

130: It I UDI1el'ltiD4 JOill' c~ JOUr procluctl CID be qcled to 

•I«P r. vitbout any probJ.a. 

-'11-
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1 ~: I have here two 1104ules tbat ccmtaf.D 125 celll each. 1bese have 

been subJected to 10 c:yclea at temperature trca +160° r. to ·2«P r. 111 011r 

place &D4 I tbiDk tor lllO'ther 10 cyclea at STL, &D4 there ia no visible cte-

ter1oratiOD. 

130: I notice that the tvo modules you have are shilllled uaellbllea. 

174: 8h1DS].iq :pel'llita tuter Ulembly tb111 IOlderiq. 

162: We have tuted 1Dd1Yiduallll0dulea ot 5 celll, dcM:a to liquid .nitropn 

tellptr&tuJoel. !belt 110dult1 b84 S].ul covert CIIIDted Oil thea. We Ill'" 

vtth 1ibe t.laoqbt that you pt tbe 1eut 4-ae 'b7 tellperature ot a siD&le 

0111 - ....... 1a • ' oell aula .. JOil tlo 'bolle4 to • l.lrp 

IUbetrate. Jloat at our te1ta haft c011111ted ot tbez.l qclJDc tra1 200 r. 

to -ltKJ
0 r. !be tDI rate ot chup il nr, D,portat tor tbe1e teatr 

1'4 l1D to ..:Ire tbe obM~WtiOD that tbe 3° :per .umte rate .. uaae4 b)' 

lAHbM4 apJIMN to be a Yei'J 1lov chlap u4 VWl4 tea4 to 111D1aise a-p . 

.. ..... ue4 • &ppZ'OaCh to proclllce thil cblap .. 1'1.)141J .. poulble 

witbla ov ez11t1Di tacWt1u. Daillin• ua a a:n np14 naluatica ot 

tile ater1&1l illt'olvecl. Ve ban aobima& ratea u bilb u y:»0 per ld.D. 

cllarlal ta. 1D1t1tal portlou ot tile teat ~le. ot COIU'M, u tbe paael 

IIJti'QIICible ona -...ratun 1ibe rate ucreuea pt'OJ)Ort1cD&tel.J. 

1~: till -tl baYe lleeD ftriecl • Die -t Oil tblle piDila 11 I 

~.,..,. 
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162: It rq ...ory 11 correct the re1in that ve haYe UH4 11 ~ #1055. 

I ¥111 have to check th1i nu.ber. 

151: I lhould l1kt to llllke a CCllllltllt on the hip rates ot temperature 

cheap prerioua~ mentiODtd. I think in 11101t normal 4esip that the rates 

achieved by 1'UDD1D8 trc. the cmtn to the icebox il excessive over that which 

vill be experienced b)' a apace power system. I do feel that the rate v11l 

be 1a0re rapid tbiD the 3° per llillute mentiODed by Lockheed but th1l t1pre 

11 ~tor the ID4 ot ID eclipee. 

162: I ecree vi th your c01111111nt1 and feel that 7ou are :fortunate to be able 

to calculate thelt rate• ot tellperature chiDge • We wre not in a po11i t1CG 

to do this vork in IUppOrt ot our ftanpr Pl'Oil'lll· 

17~: I Just recal.led a te1t vbich I bid. perto:.cl a tw ..a .,o. 

Dul1.Da thia teat celll aol4en4 to a mJ.ib4enua 1ubltrate wre taken trca 
0 

+100 c to liquid Ditropn ~rature a the 11tui4 Ditropn 'boiliDI 

atopplct 1D 30 Hcca41. b reaulta ot thia were a yXJ° C cbiD&e in 30 

aeCGIIIll. lo cJ-.. vu Y1aiblt. It bu bleD 111 oblenatioo tbat tbe rate ot 

cbllll 11 not u ~t u the tin&l taperature valu. Jut lt&YiDI 

tile oelll at tbe 11qu.14 Ditl'opD tlllptraturt broqbt abolat tailunt ot tile 

11M• aa4 tile 'bmcltns. 
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134: We bave performed similar tests vith a very hish rate of failure and 

feel that the hUIIIidi ty in the cells is one of the bigeat factors eausins the 

ctuaae • We bave found that vacuum dryins the cell.J prior to the cold temperature 

test reduced the failure rate considerab~. 

162: I think tbat is a gcod point tbat yOil raise ccncemins the water 

content. In order to avoid such a problem dur1DS our testing we have al~ 

dried the cells tor 15 minutes in an oven prior to the cold temperature testins. 
0 

(Dired out 200 F.) We fef'l that it is. unreasonable tr.. consider veh1eles in 

outer space as having much moisture because ve expect that tbis vou.td soon be 

draw out by the h.!.sh vacu\lm 

148~ I should like to ask a quut1cn to determ1ne vha't bappena to the 

glass under these extr~ temperature 'tes~s. ~~ it crack or shatter or have 

any otber serious results? 

152: I think. that if you are goi!.g to try to use large p1eeea of S).us 

V1 th a aat1c between the glass and thl' ~l' lls yotJ. lll16b t set away v1 th t t . Jilt if 

you actually bond the gd.ss to the cells I vould expect r..evf're era ·kin& of the 

glass. 'lbere are somt 111\ltually exeltJaiVE' requ1l'f'ment& tor resina and it is 

difficult w 111eet the requi~nts fC'·r ht.llft1d1ty and those for· temperature cycling. 

If you are talktos about \l&lft8 thlck glasse~ 'ft..'u vill pTObably nave more stability 

and re11staa~e tbaD tn the tbumer slides conventioaaJ.ly u6ed. 

l71J: Ve bave tCNDd that .ven wben glass crack• at these lov tellperat\ll'el 

there 11 11ttle or no desra4at1on ot the electrical output beeau.e the 
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cracb an 10 fiDe tbat aae bu a hard t• aeeiD& tbell. ~ at a vel')' 

oblique inc14ace ot lilbt 1114 \ID4er a llicroacope 4o the7 lhov up. Be-

. cau1e ve do not have uy 4el.ell1nation the S].us staya in place and doee 

not attect perfoJWDce. 

152: It is probably DOt veey fllpo:rtant in slllll piecea of &lu• but 

it llilht iDduce shatteri.Ds in larpr platee. 

1'74: ca ecee testa that ve pertoi'IDICl tor S'l'L we hl4 two cracked 

glu111 out ot 16o vben CJCled out -130° r. 

1~: 'l'bere hal been a conaiclerable IIIOUDt ot 41ecualion about tbe 

.A4vat Jlllllell ml tbe -20CP r IWJiber. We are ut1c1patq to experience {in 

a luDa:r orbit) -2«J
0 r. te.perature at the end of a 21 hour ecllpae 

period. 1h1a llipt 1D41cate tbe rate of tellperature cbiDp vhicb voul4 be 

appropriate for te8t1Jll purposes • I bave another c~t-u a reiUlt ot 

our experiiDCI ve find tbat 111niaul daupe occur vben the 81D0Ullt of solder 

OD tbe CODDeetiDI Vire 11 kept to a 1111liaul. 

138: I WI WOII4er1Da it t41a 1a u acb ot a bllct art u .,.~ 

qp or 11 ,..,_ tr;r1D1 to uae 1c.e 4ea1p enaiDeerinl 1D 1 tt J'iret 

acqu1riD8 tbe tnt c1ata 10'1 IIH4 OD the ltreqth Of slutl ml tbe tberal 

apiiii1CD coett1c1ace of attrtal.l, ID4 •ecoa4 4oq aae 4etaile4 tlleral 

lWI: Quo Jl'OII'M illYolftl tbl nal.uat10D ot a lllllller ot 1Mia4l 1D 

lbear ~Vfn~tb, teDI1le ltreapb, 1'141atiOD tol.erlllce, tMral CJCl,q, 

-~~ 
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humidity degradation, anu we are al;::o !ook1ng at ti"r<:> ,cffe-:!t3 upon the other 

campo~ents such as the glasa and the cell~. The ~ialogue c~ter program 

is aimed at an engineering app'!'oach tc tlie- lnd1cat.eti experi.a:ents. 

162~ Our one experiEnce at approaching the problem tht~ vay did not. 

meet expe:tet1ons. We fo'.lnd it very d1f!1cult to ~~rre-la~e the resul t.s 

-~ .. ,-
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v. Discussion of TIR>S - s. Winkler - RCA, Astro, Princeton, If, J. 

173. After bearing about the sophisticated satellites, I have some il'lforma-

tion on our. big base drum, TIR>S. As far as we know TIROS is still working 

-- we get pictures back from it every day. Apparently, lower California 

is still there. We got a nice picture of that the other day--if you took 

a map and put it next to the picture, it has the shape that the geodetic 

people say it did. TIROS started off as an ABMA program, and it was to be a 

JANUS series satellite. The original shape of the vehicle was to be a long 

thin profile with a requirement for seven to eight watts. This was to use 

only a single camera for observations. Since that time the profile has become 

that of the present TIROS employing three cameras with one camera out the side 

and two looking out the bottom, (See Fig.~) For budgetary reasons as well 

as excess weight the side camera was deleted from the program. The main design 

criters.was to produce a pancake-shaped vehicle so that it would continue to 

spin and remain stable throughout its life. This dictated the configuration of 

the solar array. The lifetime of this vehicle is to be 100 days, at this time 

the c•eru will be looking at the sun and not producing useful information. 

The satellite is covered with solar cells around the~ and over the top. 

'rbe bottom baa no cells because this surface is not expected to see tbe S\111. 

Because of design considerations we decided not to deploy any collectors at 

thia early date. We consider this a Vanguard generation satellite. It was 

cleeicJed to aiDilliu aecbaD1cal complex! ties, and this dictated arrang1ng the 

converters OD tbe surface of the vehicle. Obviously this iaposea a serious 

thermal problelll as well as a severe mechanical design problelll. Because the 
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launch forces are acting perpendicular to the plane of the top surfa~, structural 

requirements are quite severe. Some of the thermal considerations were based on 

conclusions that a honeycomb structure would act as a radiation baffle and would 

adversely affect perfo~ce. We ~ve to dissipate the beat from the solar cells 

by rfll.~ati ve coupling from t.he bott0111 surface. ~e top surface heat and some 

of that from the sides is radiated tQ the paylof,d b~ck boxes where it is con-

ducted to the bottom. surface and then radiated through space. This bottom 

plate in operation is looking away from the sun and makes the best surface for 

the vehicle heat dissipatqr. The top surface is constructed of a skin stiffened 

with aircraft type braces arranged in a spoke shape. Stiffeners between the 

spokes serve to give the required rigidity. Because of this heavy structure the 

weight and efficiency is far from optimum. Because of these heavy structural 

requirements the weight of the solar array portion is probably on the order of 

three lbs. per square foot. (See Fig. #i) D\ll'ing the time that the sun is as 

indicated on the diagram, it will go from a 45 degree angle from the vehicle 

spin axis down through a 90 degree position and on to a 45 degree below the 

horizon position and then back again through the season variations. This design 

permits the sun to adequately illuminate the vehicle, even though the sun is not 

all perpendicular to the vehicle spin axis. Because we wanted to get a decent 

view of the earth during the time that the earth is 1llllllinated, we had to com

promise on the deviation angle of the sun from the perpendicular to the vehicle 

axis. Our original intent vas to laWlch so that the angle of incidence of the 

solar energy would be approxilllately 35 degrees fl'OIIl the vehicle spin axis. As 

a result of the design maxiiNIII power producing qle would be 25 degrees. Tbe 

solar cella cover the top 15 inches of the sides 111d. c:ompletely cover the 

- s-• .. 
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41 - 3/4 inch diameter top. The vehicle sides tom an 18 sided paiJFie Because 

of the thermal design considerations, the hottest cell in the array would be that 

one in the center of the top surface. Calculations showed this cell would reach 

70° c. The packing factorof 85;, was one of the design criteria. The cells at the 

edges of the top surface will be at 45° C; those at the bottom of the sides will 

be 20° c, and the bottom surface between 10 and 15° c. This temperature will be 

influenced by the coatings which are applied to the bottom surface and to other 

surfaces not covered with solar cells. Because of this temperature distribution 

it became attractive to use the variation in operation of solar cells to give us 
· F.,.z1 

multiple vol'ta4!:e outputs. However, for reasons of economy this scheme was 

abandoned and replaced by a standard uniform IIIOdule which would be employed over 

the total surface to be covered. This module consists of 8o cells in series 

mounted on a printed circuit module made of a fiber glass casting. Five cell 

shingles were used in construction and each had a special lead wire fabricated to 
F•9·Jt 

each end for convenient assembly to this printed circuit casting. Each shingle 

sets into a sull welJ, molded integrally to the fiber glass casting. There are 

sixteen 5 cell shingles mounted on each board. The board size is 3-1/2 by 7 

inches. (See Fi&eil) Holes were punched in the board to recein tabs mounted 

on the shiqles. The printed circuitry is buried within the lamillation ot tbe 

board. In assembly the tabs from the cells were inserted through the boles 
f.,.10 

and bent over to contact the printed circuit. Ve originally tried to use a 

conductive cement of a silver loaded epoxy. H\llidity IDCl aging proved to be 

1nsumountable problells. So we went back to a standard so4dering tecbnique. 

lach of the shiDSles on each board was connected 1n series. The open circuit 

potential ot each board was 1n the order of three to tour volts. Bach group 

-5(' 
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of 20 cells on one board was parallel with a corresponding group of 20 cells 

on the adjacent board. loday we would probably use a different technique of 

electrical connections, but did not have sufficient information at the time 

this power supply was designed. This concept of construction allowed us to 

cut the board into quarter sections for use on the top surface in the spaces 
ftj•JI 

where a full board would not fit. In the spaces on the top which were not 

covered we coated the surface with a low a/e material to take advantage of 

these heat dissipating surfaces. We did cover everything on the top except 

for a small square at the center which was.required for handling and balancing. 

Because of the thermal mass of this design we did not experience any wild 

temperature swings; we are in a low altitude orbit -- 400 miles; we were told 

that it would always be maintained in controlled atmosphere environments even 

at Cape Canaveral. Because of this last requirement, humidity was not a problem 

which we considered. The prvtotype of this vehicle was tested at 50 g axial 

acceleration, 2) g. rms from 20 to ~OCO cps for two minutes in each plane 

142. The linear acceleration specification Just called for 25 g. testing. 

173. In one of the early vibration tests, peaks of 50 to 100 g's were 

experienced durin~ the testing. You are right on your recollection of the 

specification. 

148. In reference to your statement on paralleling you mention that you 

parallel all points on one board to the similar points on the adjacent board. 

Coul'l1 you explain your reasoning? 

173. The paralleling is done in groups of 20 cells only. (See Fig. 4Z ) 

- ;-:"$" 
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168. Could you give us some idea of the power output of your system? 

173. (See Fig, -!!.._) At an illumination angle of 24 degrees, our power 

output at 30 degrees centigrade with full solar incidence is approximately 

62 watts instantaneous power for the array. There are approximately 20 

square feet of collector on this vehicle. This gives approximately 3 watts 

per square foot (instantaneous). The solar cell efficiency was aversge about 

7.8~. This 7.~ was a measurement which included the effects of' the covered 

gluaea. 

COIIIIDents: A discussion followed regarding the pricing of cella of varied 

inversion ef't1e1enc1es. Fttr. J~ J.{ 

173· We purebued the cella on the basis of shingle efficiency of 1. 5~ with 

no slaas slides. For the coatings we allowed a desradation or 1~ (of the 7.5~). 

'l'hia voul4 bave netted us 1n erric1ency 6.8~. However, duriDS the production 

rune the vendor delivered 7.8~ cella including the eoatinga and covered slats. 

During the proceaa of' des:lping md c:onstruetin& this vehicle we bandled abo•:t 

521000 celll or 101000 •h1Dcle11 and u a re1ult or this tull: developed a 

11llplitied te1t1Z11 tecbnique. lor these te1t1 we got an ill\llinated area which 

vu approxiatell tvo teet square md teated 6o ahinglea at one time with an 

autc.atic 1tepptna IVitch &rrll.IS_.t, Autc.atie wltqe leYeliDg devices were 

d.t11ped vblcb torced a •hlzllle to lit at three wltage po1Dt1 at a t1xed 

~iS ·3' 
t.peratve. J>v1Da the 4u:lp of' th11 te1tins equi:talllt a w.riety ot rilterq 

lor calibration a atu4ard 

cell .. uecl u a reteNDce. 

-51 .. 
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168. At an illumination angle of 24 degrees you expect 62 watts from your 

power system. 

173. That is correct. When the sun swings into the twilight zone we get in 

the order of 24 watts from the system. If we bring this back to the period 

where the batteries have a considerable amount of work to do due to dark time 

storage, and because of our area of lii!Utation the orbit averaged power becomes 

about 20 watts. The drain on this power system can be controlled by ground 

command, and therefore permits flexibility. Because of a delay of one hour 

in the launch time, the ill~ination angle was increased from 45 degrees 

(design point) to 60 degrees. This caused the entire vehicle to run considerably 

cooler. 

148. With what accuracy have you been able to predict the performance of 

this system? 

173. Our telemetry readings which are the result of sensors noted on two 

separate boards have not indicated any degradation. This is the result 

of over one month's time in orbit. 

Comment: Following is a discussion of the definition of a solar cell 

efficiency. 

173. A cell that we call a ten percent solar cell by definition 18 a solar 

cell which Will convert the eneru it receives on June 21 at hiah noon With 

an air IIUs or one, etc. -- that bas a total tlwc ot a 100 milovatts per 

square centimeter -· a ten percent cell will put out 10 milowatts per square 

centiaaeter. (See Fig. 11._) If ve take this BUle cell and expose it to an 

. ~~, .. 
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integrated flux of 140 milltlwatts per square centimeter, this cell will not 

give 14 milowatts but 14 times something like .85 which is the spectral factor. 

134. I understand. We do ours in reverse. We consider a hundred milowatts 

on the earth and add a factor of 1.1. 

154. Is this .85 a measure value? 

173. No. This is one of the things we hope to get from the telemetry of 

this vehicle. 

162. Has anybody made a spectral response curve of the sunlight on the day 

he makes the test and sticks the piroheliometer under the sun and reads his 

data? 

Comment: Have you done this? 

162. No, not yet. We're waiting on receipt of enough equipment. We will 

probably get to it in a couple of months. 

174. We are going to do it. We are set up now. We have built a sun tracker 

on to our monochrometer and have made the monochrometer portable so that we 

can take it outside. 

152. What kind of a monochrometer is itf 

174. It is a Perkin-Elmer. It is a single pass, single beam device. 

152. Hov is 1 t calibrated? 

174. We bave checked this lately and found out that it is not flat. 

-~~
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152. the~ is a second problem here •. This problem deals with the measure

ment of the sensitivity of a POlar cell. At this tim.e1 we are building a 

monochrometer for the Bureau of Standards. This device wU.l be capable of a 

~ 
20 miliLmiClron bandwidth with a maximum solar intensity of about 5 suns. 

Part of the calibration of the instrument will be measurements made on sill· 

con cells between • 1 and 5 suns. The resulting data will be reported in a 

_technical paper. The limitation of currently available equipment is the 

extremely low incident energy upon the cells under test. Because of this, 

measurements on cells are made at levels of .CJ. to .ocn suns. I do not 

believe that the data can be extrapolated from .001 sun to 1 sun with any 

confidence. 

162. Next week we will be measuring the output of especially designed 

1110nochrometer to detenaine how much power we can put through an ordinary 

machine. We do not expect to get as high as 5 suns but do. expect to get 

in the region of 1 sun. 

152. Tile characteristics of this monochrometer will have a dispersion of 

56 engstroms per miheter. It will use a 4 miJI.meter wide slit. The 

light source will be a pulsed xenon lamp which is built into the system. 

168. Bow many solar cells on the TIR:lS vehicle? 

173· 9,26o. 

168. What was the cost of tllis whole system? 

173. I cannot give you a total cost figure but I can say that the solar 



cells wound up costing us $6.00 a piece delivered through the door. I would 

say roughly tbat our power supply bas amounted to $330,000. Power supply 

development including batteries, voltage regulators, current· regulators, cell 

1110\Dlting, and total assembly might be on the order of twice that amount. In 

ro\Dld figures the total might be $1 million. 

At this time Mr. Wiener took the floor to discuss the battery aspects of 

TIBiS. 

170. A block diagram of the power supply would be most helpful to understand 

the application. (See Figure~) Diodes are used in the output of each 

batteey to prevent the failure of one battery from affecting the· perfol'III8Dce 

of the other batteries. We have a system of voltage regulators which provide 

2.4. 5 volts plus or minus 1; over a temperature range of -10° to +55°C. There 

are also two other voltage regulators each providing the same regulated output 

to a cuera system. Each camera system contains a clock, a tape recorder, and 

a TV c:uera and the associated controls. In the block diagl'llll the large block 

at the top center bas several functions. One of these functions is to provide 

an output of between 15 and 17 volts which feeds a 13 volt output regulator 

which in turn teeds the clock. In fact, there are two such regulators. One 

thiDa is obvious; we are throvillg away a considerable 111048 ot power 1n tel'IIS 

ot the overall power required by the vehicle. The Min reascm tor thia deaip 

is attributed to the batteries. This same main control unit contains regulating 

equipment tor the charging ot the batteries. It includes te.perature coapen-

Ntion circuits, so that the current to the batteries is ll.mited to an equivalent 

lO hour rate. Tbe circuit is alTIDged so that the solar cella charge the batteries 

4uri.DS the daJlilht portions of the orbit but the arrangeMDt 11 also such that 

we a~ baTt a COGtinuoua load in the output of the solar cells will split 



between the batteries and the load. This power transfer is arranged by this 

large control box shown in the diagram. The voltage and current points which 

are telemetered are also indicated on the diagram. The solAr cell array is 

divided into six or seven blocks - each fed to the power input point through 

isolating blocking diodes. Power profile of the system is complicated by the 

two modes of operation of the vehicle. In the first mode, the vehicle will 

be ground commanded to take pictures in a remote area or it may be programmed 

to take pictures in the immediate vicinity of the ground station. This mode 

(direct mode) can only occur if the vehicle passes over the ground station in 

the daylight period. The telemetry is not recorded. It is only read out when 

commanded - we only get instantaneous readings. There is alwa;rs a continuous 

load on the vehicle. This includes clocks, beacons, command receivers, repeaters, 

the losses of the voltage reguLators, horizon scanners, and the few other 

pieces of equipment. (See Fig..J~fO) If we split the orbit period into 

the daylight and night portions we will have a continuous power of approxi· 

mately 11 watts drawn over the total period. The direct IIIDde can only occur 

and only assumes power over the daylight portion of the period. The play· 

back mode can occur at any point over the total period, and the remote mode 

can only occur over the daylight period. 

137. Bow many cells to a battery? 

170. There are 21 F cells in a series. To get back to the discussion of 

power levels let us ass1.111e that all of the power is delivered at 24.5 volts. 

The continuous power required is 11 watts; in the direct mode i.lllposes between 

100 and 120 watts; the playback mode consuaaes the sue amount of power; and 

the remote DIOde will be a function of the above. The p~ack DIOde will never 
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occur simultaneously wi-th the direct mode1 but it may occur sequentially. 

It turns out that over the total orbit the batteries supply approximately 

5~ of the power. The minimum average power required over a 24 hour period 

has been slightly 1n excess of 17 watts. Under present flight conditions we 

should be able to reach an average of 24 to 25 watts over a 24 hour period. 

The design approach was to hold the drain of the batteries to 1~ or less. .fif-4/ 

150. What was the criteria for the selection of your battery? 

173. We limited ourselves to a 10 hour charge rate so that the battery was 

sized on the basis of charge that it could accept. Our design optimum would 

have been 2. 1 rows of batteries. In the flight package we are slightly over· 

designed with three full rows of batteries. 

165. What was your storage efficiency'/ 

173· Energy-vise it vas on the order of ~. 

170. We have 21 cells at a nominal voltage of 1.20 volts giving a total 

voltage of 25.2 volts. In order to drive the regulators we cannot go below 

a Jli.Dill\a voltage of 25. 5 volts. This miniDna voltage baa never been realized 

in 1111 of our 171t.. tests. 
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VI. Discussion cf PIONEER and EXPLORER - R. Lipkis and R. Miller 
STL, Los Angeles, California 

168: This morning we would like to start off with a PIONEER 

program, then go into the ~,GER work, followed up by the TRANSIT work, 

a~d finally a discussion of COURIER. This afternoon we will get into a 

discu.:;sic•n of radiation a.:"d batteries. During the day we will llmit the 

discussions on the above programs tc approximately 30 minutes in order tv 

cover each in the tireP. remaining for the conference. 

154: The initial requirement fo-: our p(lwer system was to r.~ 16 

watts. The configuration was to be adaptable to t;hree payloads (the 

Able Th!'•:E>, Ahh: Four Th·_,r, ard 3.;:" Atle Four Atlas). Some of the :early 

. 0 d€siglJ ~~oW!Ipt ior:s W':'r!:' 100 lll\oljp':'l" sq:.~ar~;: centimeters, 100 F :::ell 

output. of th!s sys':;o-:r, sb.rt~d c..ut t·.:> 'Je 16 watts, but because c.f the 

conserv~:~tivE; f>i~--: ··r;;> 'itO\''-'• f, _ _.r;.:! by tes: that I iictually had a 28 wa!;t 

P'-'"'"' r system. 

Able 3 
Able 4 At hs 
At>~e 4 Tl10r 
At-le 5 

v~ry well unde!' tial ': vate:-. 

cells 

8,000 
8,8oo 
4,8oc· 
8,8o0 

funct.ion 

Eal"th sa.ttj_lit.~ 
35,00C ft. 
Vent;.;; 

I'd llke tc• gr) into a d1scu:;;sion of the schematic of tht: electrical 

system. (See Fig. 'II ), We have four sola:' cell paddle:; Vhich are 

electrically connected in paYallel. In series ve have a 1~ .:1hm resister 

- t. ·~ . 
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which is shorted out by a thermal switch which is mounted on the batteries. 

A current monitor connects this resistor to the battery packs. We have 

two 14 cell battery packs of Sonatone type F cells. Each pack is 

isolated by a diode. We have a constant load and a converter supplying a 

separate constant load. This converter supplies experiments, as well as 

(on a command basis) a 5 watt transmitter. A second converter supplies 

a ground commanded 150 watt transmitter. On ABLE Three only,we have taken 

the output of a temperature sensor on the tip of a paddle unit in an effort 

to calibrate the usable energy of a solar cell as well as the usefulness 

of the glass slides and the coating. The cells on these vehicles are 

covered with 3 mil glass slides. The quantity shown in thf: diagram are 

telemetered back for analysis. On the ABLE Five vehicle, we also have 

facilities for under voltage and over voltage control. The significance 

of the over voltage control is to turn on the 150 watt transmitter; the 

under voltage control turns this transmitter off. Our range of voltages 

is from 14.8 to 21 volta. This voltage level is modified for our lunar 

0 
fl1gbt vehicles where we get into the minus 200 F temperature problem. 

Because the battery voltage will go up when the temperature goes down, 

we have opened up the voltage 11mita to 23 volts. 

170: At what temperature does the battery ther.l switch operate! 

154: On tbe ABLE Four imd l"ive they have been set for lle0° 1". You are 

probably ukillg yourself vby we set the temperature so high wben Mr. Bela e 
0 

is apec1f,y1J11 107 1" tor the maxi.mull temperature. We have made this 

dec1a1on 1n tbe interests of reliability. It results fr0111 a compralliae 

between tbe daancla of the battery and the ~ load. 

_,;
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Q.: Do you have an estimate of the accuracy of your telemetry 

system? 

154: This appears to be between 5 and 1~. The transducer accuracy 

accounts for the major part of the error; the telemetry itself is 

accurate to one part in 64. 

130: Are you measuring the battery case temperature or the cells 

within the battery? 

154: We are measuring the temperature of the hottest cell in the 

battery package. The transducer is on the case of the cell, not on the 

inside. ~IJ • '/4 
148: What kind of a transducer are you using? 

• 154: A thermt.stor, On future vehicle arrays we will be using wire 

wound transducers for our solar cell measurements to accODJDOdate the 

wide temperature range. I'd like to go into a weight breakdown of this 

paver system. The paddle and the spar structure of the modules have a 

total weight of 15 pounds. For both battery packages our weight is 17 

poWlds. For our Loads.: our experimental constant load is about 0.3~amps; 

the five watt tranallitter is a 3 amp load; and the 150 watt transmitter is 

a 24 amp load. The 5 watt transmitter is capable of operating tor two 

hours; the 150 watt transllitter is capable of operating for five to six 

llinutes. Our depth of discharge for the configuration is approximately 3~. 

During some testing on this program we attem.pted to evaluate cycling life by 

charging at 2 amps and discharging at 15 amps tor the period of one hours' 

tilDe for each cycle. We got 1562 cycles on a type F cell, using automatic 

cycling equipment and a constant load. 

-ll• 
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165: What was the depth of discharge? 

154: 15 amps for five minutes. The criterion of failure was a cell 

voltage of one volt. 

16o: How many cells did you do this to? 

154: Just one. 

Q.: How long was the charge? 

154: 2 amps for 55 minutes. 

Q.: Is one hour the normal load cycle? 

154: No. This was a very accelerated test. We normally charge at a 

rate between .8 and 1.5 depending on the satellite. 

170: Can you give us an idea of the projected area of the silicon? 

154: The average area varied between 22.5 and 25~ of the total amount 

of cells on the vehicle. 

151: The reason for the odd angles on the panels vas to minimize the 

·rariation of output as the solar incidence changed . .f,·S 'ltJ.( 

Mr. Lipkis exchanged places with Mr. Miller and will discuss 

EXPUlRER. 

151: '!be temperatures on EXPLORER VI rose a fair amount because of 

the variation in projected area eXJ)Osed to the sun. (See Fig.¥'/ ) . I! 

ve plot the sun look angle versus projected area ve will get a curve as 

ahavn in the figure. Over a two months period in which ve have received 

0 data for EXPLORER VI the temperatures rose about 13 more than anticipated 

and 1n PIONDR V the SliDe thing has occurred. In the case of EXPU>RER VI, 

the pad4l.es started ott at 5 to 10° F and went up to 15°. 'lbis tel!ptrature 

rile ~ be due to darkening of the glass (these are neither quartz llOl' 

cer1• oxide) • 

-~6--
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162: Have you been able to determ1ne any correlation between the 

increase in temperature and the performance of. the power supply system? 

151: The darkening of the glass may not he..ve occurred in the region 

of visible light so that the solar cells would be producing constant 

electrical power. As the intensity of the discoloration increases, we 

would expect electrical degradation. On the subject of the communication 

satellite, the ordinary eclipse of 70 minutes will not create a major 

disturbance on the electrical power system because the vehicle will be 

oriented to within a few degrees of the sun. However, during the ascent 

phase there is a six hour eclipse because of the design of the CENTAUR 

vehi~le. This will be a real critical problem from the standpoint of low 

temperature on the cells. Possibly this problem could be overcome by 

providing auxiliary shrouds which would be blown off at the end of the 

ascent phase. This requires additional weight which is not desirable. 

we have some experimental data on the effects of radiation on solar cells 

from both ground tests and space flights. The ground data was done to 

give us a quick feel of the effect on STEER. These tests were run 

between 400 and 8oo kev. There is a report dated February; report number 

STL/TR-6o-000-04o57· The significance of this data leads to the conclusion 

that 8oo kev radiation requires .065 inches of glass to stop the radiation. 

That is to drop an 8oo kev particle down to 145 kev which is the threshold 

of damage in the silicon solar cell. 'Ibis is in disagreement with the GE 

data. 

162: What kind of glass. was on the cells? 
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151: For JII8Ximum 11tetillle1 pure quartz or cerium oxide glass appear 

11101t atilractive until we have good evidence that other glasses are capable 

ot withstanding radiation and not darkening. 

162: Did you evaluate Corning Microsheet '? 

151: No. Neither do we have radiation data on the borosilicate 

glasses which Al Mann is using. 

190: Could you give us one point on the results of your testing? 

151: The total flux vas 5x10
13 

electrons per square centimeter and 

the resulting degradation vas about 25~. 

152: I am aware of three sets of slides that vere radiated by GE 

and the ones vhtch are of interest show no appreciable damage after 

irradiation by 6xlo
15 electrons at 750 kev (borosilicate). 

148: I have tbe results of some of these radiations on glass. They 

seem to contradict the 8'l'L data. '!be Corning Nonbrown1lle Glass No. 8365 

which is cerium stabilized and also Pittspurgb Plate Glasa Nonbrovning 

No. 67lto were not as good as the Corning Sheet Silica No. 79lto or 

another Corning product, Spectrasil. The latter tvo glasses did not have 

16 
any apparent degradation at 10 electrons per square centilleter. ibe 

Corning Fused silica shoved a transmission of 9~ before the irradiation 
16 

aDd ~ after exposure to 10 electrons per square centimeter. 

151: Ve have BOlle coDt'irllation of this data fraa apace sboving the 

ettect upon charging current troa the solar cells u tille puaea. By 

&YeJ'IIiDI ~ read!Dca, ve find a decreue in this cbargiDi current down 

to appraxiately ~ ot the or1g1n&l current. "Uter approxtately one 

t.Jd IIODtba' period, an equ1~nt failure caused erratic readings. Because 
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. 
this orbit was eliptical in sha~ and extended out to 22,000 miles, most of 

the vehicle exposure occurred in the outer belt and was exposed only 

slightly to the effects of the inner belt. Just for information I should 

like to interject the comment on the VANGUARD power system which is still 

workillg after two years. The design of the solar cell modules is such that 

the windows are physically separated from the solar cells and thereby 

creating heating of the solar cells by the "greellhouse" effect. This high 

temperature is probably annealing the solar cells, thereby reducing the 

radiation damage. 

144: We use this same "greenhouse" effect in EXPLORER VII, the fused 

silica window is 0.065 inches thick. The glass of that thickness will 

stop up to 1 mev electrons. 

151: VANGUARD doesn't get into the outer belt but it does sweep 

the inner belt. The glass slides on the vehicle won't stop the high energy 

protons of the inner belt, so you would expect radiation damage. There 

was a paper presented at the first International Space Science Symposium 

in Nice, France a few months ago by Rosenfarly and Sonnett of STL, titled, 

"Soft Radiations on EXPLORER VI Earth Satellite." Yesterday, GE quoted a 

figure of 15~ damage estimated as a result of micro-meteorite erosion. I 

think I'm responsible for that number and I had better explain it's deriva-

tion. What we attempted was to get an esti..mate of the damage to glasa 

vas then ~asured. Al Mann has also evaluated the loss 1n transmission by 

grinding grinding the surface of glass; he also noted a 15~ deterioration. 

154: I'd like to point out that on EXPU>RER VI we had mu-metal around 

-~,,. 
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the batteries because of a m&gDetometer experiment on the vehicle. 1his 

shield acts as an excellent thermal barrier and caused our battery 
0 

temperature to be about 30 higher. 

, 7",. 
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VII. Disc~ssion of RANGER - K. Ray - JPL, Pasadena, California 

162: The RANGER program is basically the old VEGA spacecraft with 

the ATLAS AGENA booster. The first two shots are escape out of the 

atlliosphere. They are not intended for any specific target but rather 

to check long range communication, The second two shots are lunar 

capsules - capsules are to be carried near the moon and be ejected to 

impact on the moon. (See Fig. i/~ ). There are two panels used in the 

program. They are trapizoidal 1n shape and are connected in parallel 

These are connected through a blocking diode to a stat1c converter. The 

battery is connected between the diode and the inverter. On the first 

two shots we will fly what we call a launch, acquisition, and back-up 

battery. The panels are six feet lor.c;, ll inches wide at the tip and 

thirty inches wide at the base. Thtoy have approximately ten square fe~t 

of area. There are 4,340 cflls on eac~ panel, 84~ area cove~age, 95 

'Jatts output fnn eac-h p!!.nei at a :;tg,bilized tempnature of 39° C. Durinti 

the launch and acquitit1vn phase, the batter;>· supplies the load untH 

the panels are illuminated, The panels are fixed to the vehicle which 

is sun-oriented There is a high cal~ ~tenna which is earth-oriented. 

Basically, the power system is designed to ope::-ate at 28 volts. The 

launch battery is a primary silver zlnr type veighir~ 120 lbs. and 

delivers approximately 70 watt hours per pound. In the event that the 

solar panels do not supply power, the battery is capable of supplying' 

the load for 45 hours. There are no rechargeable batteries in the system. 

Prior to launch, the number of cells of the battery are selected and 

-7/-
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appropriate connection is made. That is, we select 18 or 19 cells, 

make the connection and launch the vehicle. This c<?nnection is not 

altered in space. The discharge rate of this battery varies as the solar 

panel output fluctuates - the two are arranged so that they alw~s share 

the load. The total load on this sytem is approximately 170 watts 

maximum. 

154: How many cells do you have in series on the solar array? 

162: There are 62 in series. These cells: are something over ll~ 

efficiency (gridded cells). Each shingle on this array is parallel to 

the corresponding shingle in the adjacent series string. (See Fig. Jl ? ) . 
The shingles used for this program are both 5 and 6 cell types. This 

variation was used to get voltage matching. We assume that the pre-

dominate mode failure would be an open circuit and therefore chose the 

design approa..:h indicated. We found it difficult to come up with a 

short that is less than 100 ohms. See Fig. ~~~ for a discussion of the 

vehicle configuration. The design life of the vehicle is on the 

order of 6o days. 

174: We use the cell matching method by a constant current •echnique 

and grade the cella accordin..; to the voltage drop at this current. This 

current is 52 ma. and is maintained by a variable load connected to the 
~.,, 

cell~" 1'be cells are grouped in 10 JaV, steps. In asaembl1118 the 

shiiiglea, cells are selected so as to be uniform to within 50 JaV, In 

assembl1118 these shingles, a special fixture is used so as to insure 

proper &ligJ:Iment and llin1Jaize excessive solder accUIIIUlation on the reverse 

-7z-
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side. (See Fir;. f'c) ). The assembled shingle is mcbanita.lly tested 

"" by a fixture shown in Fig. ~7 . We use .006 inch thick e~ver glasses 

with an anti-refleetion eoating on the top surface and a UV reflector on 

the bottom.. The eut-off is at 450 millimicrons. Our transmission under 

400 down to 200 is 1.7. The transmission over 550 to 1.0 is over 90%. These 

measurements are for the filta~ alone (measured against air). 

- 7i ,. 
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VIII. Discussion of TRANSIT - w. Scott, Applied Physics Lab., 
Silver Spring, Md. 

167: 'The TRANSIT satellite is part of a navigation system intended 

to serve as an all weather worldwide navigation reference. Solar panels 

are arranged in a ring around the equator of the vehicle. This is the 

only area available because of antenna considerations. The original 

version had tvelve solar panels of 70 cells each with all tvelve 

panels connected in parallel, each vith an isolating diode. The One B 

version bad a complete set of 24 panels; the current version (2a) vill 

have a larger array to be described later. (See fig. SZ ). The 

frequency determining crystals for the transmitter are mounted in 

separate devar flasks each suspended by nylon webbing. The vhole inside 

surface of the vehicle is coated with a laminated fiber glass and ~lar 

blanket for thermal insulation. The vehicle is designed to operate 

stabilized only by spinning. If we plot the pover output vs. the angle 

of incidence of the sun ve will find an output variation as shovn in 

fi ;. ~3. The configuration of the pover system for the One B vehicle vas 

twenty-four panels each vith a blocking diode coming in to a tapped 

battery through a thermal svitch ar.d command svitch network and then vas 
.f,j.~ 

connected to a second battery. The second battery is trickle charged 

throughout operation and is never fully recharged. The main battery con-

lilted ot 15 F cells; tbe second battery of 10 D cells. The two thermal 

avitcbea between tbe array and the batteries are set at 105 and tbe other 

0 
at 100 r. 1'beee are intended to protect tbe payload from excess beat 

ot overcharging the batteries, In the 2a system ve have gone to the 
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larger solar assembly and is shown in fi~ • .5'~ • We used a 12 eell 

battery. Each array has an isolatinG diode in series with it for 

protection. In this system we have a volta~e regulator vhieh regulates 

the output of the main battery and delivers plus or minus ~ accurate 

output. We use fuses to protect the system from converter short 

circuits. These only protect azainst a 1 or 2 ohm short circuit and 

therefore should not impose degradation of reliability. The battery 

has 12 cells, F size. The solar power supply has an instantdnP0US 

capability of 15.4 to 19.5 watts. Depending upon the mode of operation 

the load on the system can vary bet·.reen 3.5 and 8.5 watts. These vehicles 

are desiGned for fli~ht at a 4oo mile ~ircular orbit. 

154: How many panels do you have !)n the 2A vehicle? 

167: There are 24 panels consistin~ of 150 cells split in three 

50 cell series sections. So there are 72 circuits in parallel, each 

protected by an lsolatin0 diode. We are usin0 Glass slides with a UV 

reflective coatin; in order to reduce our operatin;_-; temperature. 2A 

is split into two halves as far as the solar array is concerned. This 

is required to accommodate the despin mechanism runni~ around the 

equator of the vehicle. 

151: Is the class on the current flyi~ vehicle cemented to 

the cells? 

167: No. This is similar to the Vaneuard design and use epoxy cement 

to hold the glass to within 1/16 of an inch of the surface of the cell. 

The construction is such that the trapped air will readily escape in space. 

132: Do you have any nickel cadmium batteries in your system? 

-7.5'-
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167: Yes, the main battery is nickel cadmium and the 81118ller 

tensile unit is silver zinc. 

162: What is the designation of the cells 1n the silver zinc 

battery? 

167: Tbese are Yardney LR 100 cells. These weigh about 32 lbs. 

-71~ 
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IX. Discussion of Courier- G. Hunrath - USASRDL, Fort funmouth, 

New Jersey 

144: For this particular satellite, including series of planned 

optimizations, the orbit will be 109 minute (70 minute light, 39 dark) 

and the peak load is 255 watts. The continuous load is 4.2 wat•;;_ 

Designed voltage is 28 volts, ~~ for the 58 watt system. There is a 

possibility here that we can control the number of cells depending on 

how the system will behave out in space. Design or. this part:!.cular point 

is pretty tight due to li~itations on the available area. 

161: For this particular design, the solar cell modules are con

structed so that we have 84 cells in serles, (l by 2 centimeter cells) 

constructed in 7-cell shingles per mod~e arrayed in six strips in tl1is 
,!' 

hemisphere. (See Figure; 114 "A" modules in parallel and "114" B in 

parallel, each connected to a batt'=ry). The maximum power Cllpat111ty 

will be in the area of the equator. Batte:cy-cell connections are shown 

in the flgure(.!7) 1 

These particular batteries are 12 ampere-hour batteries with 22 

cells (actually two ll-cell batteries) in serles (s~ilar to batt~r~E~ 

developed for Lockheed~. They have a "!>'"'Ssure relief vah·e at 200 ps:L 

144: Bated on their (Philco) thermo analysis they &o~·t anticipate 

0 temperatures higher than probably 90 • Solar-cell and battery temperatures 

will be monitored. 

161: Temperatures have been estimated at six different points (refer 
58 

to Figuref, At an ambient temperature of 76 F they got temperatures 

-77,. 
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of 85, 84, 79, 85, 82 and 8o at locations 1 through 6 respectively. 

This was on the 679th cycle, but they ran a total of 1507 cycles. The 

latt 100 cycles were in a pressure of 170 microns and there wasn't too 

much variation in temperature over that period. The highest I see here 

0 0 
is about 84 on the center cell and the lowest I see here is at 77 -

0 
I believe is the lowest. At an ambient of 76 which was maintained 

0 0 
throughout the test, variations ran from 77 to 84 . The charging of 

~urrent I think was L 7 amps. The actual cycle was 35 minutes charge 

at 1.7 amperes and a five minute discharge at nine amperes. The one 

problem they had was that the overcharge voltage after about 700 cycles 

went up well over 32, and maximum allowable overcharge voltage is 32. 

However, this is not a problem because they are using two ar~ 

so the charge current will be aboat half of this. It was originally 

intended to use two batteries, but they couldn't switch them. 
0 

130: Bow do you maintain a temperature of 100 F in space, with a 

large part of the sphere covered with cella. 

144: This is a result of PhUco' s final analysis and they are aking 

a re-run. I vUl see if this report can be made available tor the 

ainutes or the aaeeting. 'Dle sphere is spin-stabilized. 

162: Will you drav a cross section of the skin and cell? 

144: (See Figure s?} 'l'bis is the six mil quartz slide. We have 

ODe silicon resin and another vbich bonds the 7-c:ell unit to the skin. 

'1'be resin used for bonding glass slides to cell is Q30JIOO and resin used 

to bond shingle to skin and skin to call is Q3012l. (1bele are Doll-Corning 

Silicon Resin Numbers). 
-74-
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156: A heat-exchanger may have been used; this would help explain 

some of the temperature estimates. 

134: 

144: 

57: 

Did you run some low temperature tests: 

0 0 
Yes. We ran a discharge at +30 F and Philco at 30 and 95. 

Regarding the remarks that Dr. Snyder made before lunch, he 

intimated that maybe photo-chemical or thermo-chemical systems might be 

more complicated than conventional batteries. That is probably a correct 

statement but I think we have to consider the potential of regenerative 

systems. They are in the early stages - I don't think they should be 

written off completely at this time; most certainly R&D work should be 

continued in those areas. 

168: I am not writing them off completely. However, it appears that 

the best you can do with an H2 • o2 regenerative system is about five 

watt hours per pound on a charge/discharge basis. 

147: That depends on total system power, doesn't it? 

168: Yes. This was for about a 500 watt unit. However, by the ti.llle 

they build a complete unit involving pl.DIIps, etc., the weight is there. 

In any event vhen you get above 3KV, I would worry about any solar system. 

-71/~ 
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X. Discussion of Ni-Cd Storage Batteries - A. Mundel - Sonotone, 

Elmsford, New York 

156: Fundamentally the Ni-Cd battery system consists of two plates. 

Both of these plates in our particular embodiment of this battery are made 

on a very porous nic~f.base. A nickel salt is placed on the positive plate 

and a cadmium salt on the negative plate. In ordinary vented cells, liquid 

is brought up to the level where both plates are immersed. There is a 

separator in between the two so that they don't come into mechanical 

contact. When you have a charged condition you get oxygen off positive 
1he 

plate and hydrogen off ~egative plat~. In th,· st !:!!'Vt::d version there is a porous 

separator bt:t11een the two and enough E:lt:ctrolyte · l.o be absorbed. This is 

critical as to amount of electrolyte in the cells. In this particular 

case, we set this up so that the positive plate becomes charged first and 

the oxygen from this plate is converted back to a cadmium oxide.. on a 

negative plate so there is a limit to the amount of pressure these generate. 

We believe tbat we never generate any hydrogen: if we do we are not ~uite 

sure what mechanism occurs to recombine that hydrogen, or wbetber it stays 

there or leaks out through the tin .can around it. In the sealed veraion, we 

design so that the positive plate charges first. 'Ibis permits recalbination 

of the oxygen and minilllizes tbe hydrogen regeneration. 
,, ., 

In an F cell, the 

plates are rolled like rolling two newspapers - it's apt to be rough on tbe 

,F•'· 'o plates mechanically. This is one problem. These rolled plates are then 

placed in a cylindrical can. For the hermetically sealed cell, a top is 

welded on. The leads fr0111 tbe two plates art: brought out through a glass 

-TP' 
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seal. 'l'his io the hcrmetlco.lly Ecnlcd. l~:•.t tcry. '.i.'hcrc arc oth<n· v·~:..·J.nt:t.onn; • 

.In the Goul'ier ~-nt~ J .oclchcec1 J:ll'Of/:l'~lms, the cclJ.n nrc l'cctnnaul!' ,. . 'l'hc 
... , 

b~ttery ls of the :wmc type bnt the electrodes are .1ust lf-ying one on 

"to!_l of the~ other. ':'here lc r.· c~>'·L 1e1·c :. - l ,_.,~ · ·:. : · .. · 

dio<tllv::tntP.[:~O "' :· ::c;:lecl. coll •)VC>.' the vented cell i:; thin: In i.h(; 

efficient heat eenerator. '!'hat energy which is not converted to chemical 

cncl'fY :lo converted to heat. With a vented battery you don 1 t really beat 

Uj'; in ft~ct, you may cool down on overcharge. However, there's a limit 

to how much you can overchar~ in a certain time and you lose the 

water fr~n the electrolyte, so there is a limitation on the number of 

cyclec you can pcrt'orm. 'l'he difficulty that you bear about in this meeting 

is due particularly to the rate of overcharge which warms up this cell to 

high temperature. 'l'hen the cellulosic neparatol' dissolves in KOli at high 

temperatures . This is a very definite heat problem. It lllight be aolved 

by putting in a separator which will not hydrolize at bish temperatures. 

This could IIICan that you cPn operate cello at very h1sb tell;perat\U'ea; bov

"-ever, the electro-chemical system does not rlore energy nearly so vell at 

high tempc1·at\'res . \ole hr.ve evidence that you can operate cella up to 

212° vltbout damaaina tbe separator. We have sotten th1a tar with tbeae 

probleaa, but they neod some further clarification. ODe d1fticult7 vttb 

tetlon as a separator is tbat it doesn 1 t vet. Hence, ve are vorkiq Oil otber 

.···!.,.:: /;, ;-. i .• c., nylon, etc. ~-Illy doec one wunt the KOH absorbed in the 

&epnrc.tor'l Docauae, othervise, 1f 70U have sp11lbi1J8 you lllisbt drive 

t • . ... 
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electrollte out ot the 1eparator to a cas comer aDd electrol)'te c1oe1n •t 

nov b&ck 1Dto proper place at h1&b altitudes (zero "s" cODditiou). 1'h11 

is cae problea. We &llo bave a 1eal.illS problea aa4 a Y1ab1l1ty pro'bl•; 

i.e., the problem ot keep11lg two !llates separated. However, I dOD' t thiDt 

ve ban a problem of the cycle ab111 ty ot nickel-cadJDiUII plates. ~ia baa 

been proved out by thoua&llds ot cycles made ot this system either 1n the 

sealed nrsioa or in the vented versi011, and turtber proved by the tact 

that )'OU can take plates trom batteries, replace the separators aDd start 

over. 'lbia is a very slav (11181l1 yearj etching ot nickel by KOH. A battery 

. doee not charp and dieebarp at the same voltaee, and these voltqea &lao 

chaDp with te.perature. I don't think it's likely that ve will cheDp 

tbue electroeheld.cal tacta ot lite. I do see el1111natinl variatiODI; 

w dell •t mov hov to ..U plates that are perfectly UDitol'll. Perhapa 

we .. t ccmtrol a aet ot each ot these as they are aaaell'bled a 11 ttle 

mre cloH~ tbaD we do. Another quutioo involves the uae or theae 1114 

a ~r 11aaltueou1]¥ 1D a Htelllte. I dcm't th1Dk that it 11 

SOiDI to 'be HI)' to ..U a battery ot th11 t1J)8 which 11 DOG41pet1c 

'btcaH ot the Dickel plates, 'bllt there are apecial ateela vblch are DOG• 

•••tic, G4 vbich coul4 'be UHCl to coutnact a ncm--..tic cue. We 

baft tri.ecl to bzoie~ tall 70'1 a little about th1a 'battery. 

61, At tbe h1&b te.peratun, how__, CJC].e1 414 7011 l'llll itt It'• 

'bleD ltatacl 1l1 tM put that tellperatuna UJ tbat h1&b haft pelWIDIGt ettect 

Oil pOaltlft plate. 

1~: .. b&Yela't u ,et l'llll., qclel. 

Q: D14 70'1 t1D4 ezq a.cnue 1l1 e&J*ltJ ( fii41DI)t 
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lh4 ~ 'l'he ple,tcs B.l'e cxpo.sQd to those tenr.?erntures durlnc ll1.'U1Ufactur0. 

()~ Uhr.t temperature do you dry the plates at? 

lk~~ About 18o° F. 

132~ ~vc don 1 t he.ve the cyele data1 but in doinG this tenon aeparn.tor 

we cOtnpnrod it directly with the present separator. The present separator 

fell apart; further then that~ the cell made with teflon on a cycle nt 

room temperature shoved it had full cnprcity, at least :!.t hM pr•lTilice. 

He feel tht.t the system has demonstrated enough promise to warrant further 

work. It isn •t just a battery that vllJ. never work but a great deal of 

vork is still to be done. Whether ve can do it for satellites remains 

to be seen. One thing that we.s pointed out is that we don 1 t get o. chunce 

to (;Ct 11 conccntrnteo productJon run on thP.se so.tcJ Hte ba.tterics. ..~n 

order comen through Vith three weeks delivery tor a certain number of cells, 

but not a ret:l production set up. As production continues, one c~>.n ~.mprove 

'JH~~u ty, but Mt if the liner~ ~>.rc opened l\nd closed continually. ~e wnut 

to c.ct this lnto R productioo set UJl ~rlle:ru chn'Uctcdntic& uHl .:.11provc. 

'lbere are two mnin prob~.(sepuatom and thermnl). One problem is 

:.:c!X·.r:'.tor !l i r. lntccrr>.t!on. 'I'h t& ~ kilO'./ we ct'n oolvc trith a proper choice nf 

e br.c i.n cf:L'ici('ncy. 'l'hio r~Ms thnt in thinldnc ~1r :1. OO.ttc.·y y-.J\.l th;.nk 

in tenas of itll thPnn(l/properties and measures must be taken to disslpBte 

va.ate heat . We can attack 1 t Vi th illlprovement ot the aeparator - 'fOJ. deslr.n 

ell£ineers must dissipate hcr.t, We will then hnve overccme most of the . \ 
pl'Oblems. 
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137~ Wb&t ia tbe DWIIber ot cycles JOU bave obta1De4 on tenon cel.ll 

IDd do JOU haft any qualml about cold tlov of teflon? 

l!J4: We have no qualms about the cold :flow of teflon becauae it 11 not 

UDder COIIIpreaaion. In order to achieve a compact batteey we do not try to 

squeeH the aeparator into the can becauae thia will be plac1q the 

separator UDder ccmdi tiODI where 1 t von' t last long. However, vben you 

roll you pt aharp coraere at tt.s . 

Q: Ian 't there a possibilit)' that these could give you compreasion 

OD the MpU'atorf 

l!J4: I believe 10 but this doesn't bother • because there 'a a ~ 

ot rollins plate I where you don't set sharp comere . 

57: ConcemiDS DOD•JUCDetic cues • one vas developed tor lli.De· 

appl1cat1au • 

Q: '111at 11 the CUiDS • 

Q: 'lbere'a a Dickel-plated steel - they bad a probl.ell with hish tea

perature• • Ve kDov ve eu lllb the plate and in rolliDS you DHC1 Dot place 

tetloo UDder co.prelliOD. We haft not 4oDe cycl1q but ve haft undertllrell 

.ore ettort. AI 7011 baYe 1een here the problea 11 a tm m:llproblea - the 

beat 11 pnerated in the onr-cbarp part ot crcle. 'lh11 part w haft 

tried to uner 'bJ placiD& the cella in a elevated teJ~P~rature enYi~t 

1114 U.,iDC tbea aa caatimlinl oharp. 

167: Coal4 w au tor a~ ot all telt rel\llta at :your placet 

lit!.: V. bin a ·~ • it will bt placed into the recorcl. 

167: Cu w ad4 0111'11 to JOilft! Ve haft bl4 tour taUurea out ot 25 

ill tetlCD, , • 

-r'I
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144: These are internal shorts. I would like to bring something out

Just think back to the ~eliver.y schedule on these. 

Q: Yes, the companion order f'or paper cella was extremely abort, but 

tef'lon was at your convenience. We didn't place any restrictions on that. 

144: 1 remembe1· this - these cells were among the first teflon cells -

these failures were mechanical that could be controlled in manufacturing. 

168: Whcm I first came into ARPA I looked at the batte:y problem 

and thouS)lt here's a whole agency (USASI\-DL) devoted to it. 'Die military 

have been using batteries for years and they should bnve done re!:e.'!.rch. 

Hence I would put my money on newer things, but it's now obvious that I 

should have put a good chunk of my money into this field. There ought to 

be significant funds for this NASA indicated their interest and DOD 

indicated. interest in doing something involving a lost of R&D - in order to 

approve these and do proper testing you need almost a separate program. 

8ut it will be straight R&D money and its difficult to get it. 1M problem 

remains that we recognize a difficulty and there Just ha&n 't been enough 

batteries bougbt tor the manufacture's to do much research. A siJiilar 

situation has held trut.- for solar cella. However, we have put, in tems 

ot govel'lllllent agencies, very 11 tt1e money into R&D on re\!bargeable batteries 

tor apaee vehicles. 'Ibis is a weak point. '!be one brigbt spot has been 

the fact that through AFBMD, Lockheed had a d~elo}Dent prosraa and this 

was really Just to do ocmetbing a little different. 'lbere is sc. research 

going on at Lockheed w1 tb this sue battery, isn't tbere, Chuck? 

Chuek: Yea. 

-r~ 
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111 all batten•• 1Dclu41q P u4 Lockheed t)'Jiet, or. are there •enral 

difte~t oae• in uaet . 
I uewae there are • 

1"-: We are uaing cellulose CCJ~pletely :~ r• cell.l have tbe 11111 

separator aa tbe batteries on Ccur1er. 

130: I t1D4 it barcl to bridp the pp between te.peraturee. Vbat 

il the 11111 tiq telllperaturet We ran ac. teats at RCA 'a u4 Sipal Corps' 

requtlt at tbrte tellptraturel • 95 F1 120 F and 131 F. 'rhelt tettl COD• 

., . 
lilted or plac1DS P cella 1nto tbeee temperature• and charSiDB thea at a 

9-bollr rate vbich it tbe rate RCA \lHd in T1roe • We are t171na to 40Qble 

check iDfoz.tion to tee vbetber failures wul4 be expeneac:ecl aa4 to tee 

vbetber vt c01114 arrive at tate teaperaturea. Reaulta are: - did fail 

at l3l - did tail at 120 • thOle J'\Ul at 95 did not tbov tail.ur'H at tbat 

tt.. !b11 wu 811b1at 'tlllperature. 

132: DoeiD 't a •U\U"eMDt ot cell temperature 4epeD4 CD cCDtli'U'&tion 

ot cells u UH4 in a batter,rt ~ria& •c. vork at Loc:kbled, battezy people 

1D tbe lab toara4 tbat .. tellperature rote abaft 105° they sot peculiar 

voltlp I'Htilla· !beD vbeD tbq dropped to lllllbient teaperature, tbe batte17 

nconn4 to vbere 1 t vu IUJPOitd to be aad they cont1mlt4 an for 

Mftnl. buD4re4 CJCltl. 'Bd• b8pA to 1D41cate tbat ve bid a tblr.l 

probla. v. tboulbt 1(/5° vu a 1oo4 te~tperatu.n tor batten .. , lnlt tbiH 

teat& Uolr • tbat a nl&Uvel.Jiate operatiDI '-'ratun voul4 111100° r 

IUI'face tlll;erature at cell Vitb cellul.oee Hparator. U 105° 11 tbe Uld.t 

-".SICitl! 
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to pennit infinite cycle life on a cell or battery you would be safe using it .. 

156: I don't think its at all proper to say that the only possible 

solution for separators is teflon. There's other evidence right in our labs 

that Webrill and Nylon misht work satisfactorily as separators. 
. \ 

132: All we are po1nt~to in teflon is that the results of this work 

with teflon indicated an avenue of approach to a solution of thia 

problem of el1minr.ting cellulose. ~le want to find a separator that 

will be: (1) Less temperature sensitive, and (2) be porous enou&l to allow 

recombination of the oxygen. Several separators have indicated prc.xnise -

teflon has one disadvantase - non-wetability. 

Q: :lave you considered the use of llU!linated Gepare.tor? 

Q: Yes we may have to so to a double separator. 

_,,, .. 
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XI. Ditcu.tion of lla41at1on Dulp to Solar Celli· Dr. W. Coole)', JJASA, 

WubiDI'tOD, D.C. 

138' I vut to outline aCBe of the problema ot ra41at1on 4-se to 

aolar cells u I see tbell. Buice.l.ly, it falls into three categories: 

{1) Wbat do protons 8Dd electrona do to a aolar cell; (2) vbat ia nux 

ot protODI ad eJ.ectrou in Vu Allen belt IUI4 (3) vbat do you do about 

it! <M ot tbe pointe brousbt up 11 data by Rappaport 8114 Lotenq 

ot RCA. The balic point 1• vi th protou at 17.6 Mev eaezv a bare tolar 

cell will desrade to 751- ot its output after an intesrated nux of 3·5 

x 1010 :e;~on• • Tbia 11 a very b1sh enerl)' proton and ve do kDov that 

in lover Van Allen belt there are proton• above this ranp. The •uure· 
MDta ..a. ao far CIGl.J ..uure &bon about ~ keY ,ellctraaa aa4 tor current 

equi~nt tbq ODlJ •uure protem abaft about laO • ., • 'Dle otber cJata 

trca Rapport vu tor 1. 7 ..., electrooa • If JOU baTe a total dole ot 

5 x 1013 e1ectrou/ca2, thq will aufter a 25j desnd&t1oa. Dr. SbeltOD, 

in bit amtaYUll atuc11e1, bu aaalJI1a to predict lite ot 1olar celll 1D 

J'IIIUattca 'belt, aD4 tlk1Dc 1Dto accOUDt ODe ut of fila pack cJata OD tbe 

p!'Otcal tbat 11 reacbl4 by I'Nlda. !be reference Cll .-lliOD 11 l'bJI1cal 

Rniev, Lttten to IIUtor, Vol 3, lo. 1, P. 9, .Tul7 1, 1959. 'lbeae are 

in the lliddle ot tbe iDDer Ylll Allen belt at u alt1tu4e ot 1200 a.. In 

tbe quat1oa of vbat 11 up there are two tactora; one, vbat 11 the nux 
fi) .,, 

ot protoDI aD4 el.ectrau ea4 vbat 1e their eael'l)' 41atr1butiODt VhJ 

clou 1t ft17 vitb pot1t10D! POI1t10DI of lonr m1 outer VID AUlD belt are 

tail!y atable, 'blat 1tl a prol»1a of tt.t T&r1at1Cil of cuter belt 4ue to 

.. 8(-
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such phenomena as solar flares • 'lbe flux of' solar-flareS eveeps out the 

outer Van Allen belt and you have a tairly lov density in that belt, but 

then it builds up again. We have no idea what the low enerS)' proton 

density is. We think both are Uectrically neutral; i.e., the number 

of nep.tive and positive charps are equal, but their velocity, i.e., 

and hence their tluxea vill be different. Electrons and protons are 

retlected between the North aDd South poles, due to the maptic mirror 

effect. Protection tor cells: You have heard data trom GE on the use of 

sJ,ass, all4 it looks like quartz or cer1WR sJ.Us i1 a po811bil1ty. For a 

24-hour satellite no one v1ll Mke tim e1t1ate, but vbat of laO - 70 

mils of pass for two years in. 2--hour orbi tt 'lbis ia not a firm estillate. 

The other possible method vould be to ..U un of ~~mt&liDI pwno.na, if 

the cellJ run bot eDOUib. 'lhil dellap is the sort vbicb desnde• tbe 

cbarp carrier l1fetiae. '!his reaultl priari.~ in a 1011 of current 

Carr)'iDI capacity of cell. Vu Allen pointed out tbat it tate• a Wck

••• ot slU• ot 280 a1llipat per square ca to 1top 78o keY electi'CGI1 

aa4 tbat wipt cornlpODll to l441nl about cae llllt pouD4 •quare toot 

to tbe area. 

147. It you put IIIOI'e and 1110re 11881 on frclllt1 it 'M1 beCOIIII tbe 

structural JMm~bcr; but you still bave to have balanced 1118Sses because the 

cell tunctiCD 11 a critical area. You have to b&ve e~ protection 

fore 1114 att. 

138. VI vut to 11t apen.att FiDI OD cella vttla or vtthoat alai• 

protectiOD at nri0111 -IV lnell ao1DI 4<N1 to 200 bY u4 ac.e fw'tber 

cbecb ot the protODa at 10 .n u4 20 ..v. _,,, 
,, • .. <" ....... , 8 &C R IT R1m~IC'.l'~l> .DNl~\ 



147. All ad41tiOII&l problea ot 111'141ation in tile sbl4ov acme sat 

be couicltred. In tbil condition you CIDDOt make uae ot hisb taperature 

aaaealiD&· Daentore, vben the vehicle nacquins the 1\1111 both a theral 

ahock 8114 aDDeal1QI process will have to be carried 01.1t 11alltarieously. 

168. We &llo Deed the intesrated tlux throush these belta. 

1'-7. Are JOU t.mllar with tbe nuclear ..W.sion :reccmtry packap! 

1,38. A little; they will pve ac.e data. 

147. Ita pDeral obJective 11 an exploratory fiisbt to ...,ure 
' ' 

low-eners;y particle 481111 ty. Ita tae ot tlipt 11 leJS than a 18&r. . 

'!be other thiDI voul4 be to pt IC. clttector that ..uuret protou 1114 

electJ'ODI that ca be JIOUDted 011 akin that v:lll ..,ure vbat happens 

1D tbe tint tev 111111srus ot thictnell • 

168. BlOCII ot L1vmDO:re hal recently siven a paper on aol14-•tate 

scintillation counten • We have here a broad reaearch area • we vut 

to pt 801111 IID4 ,. need expert.enta oa current tlisbtl to set meuure

Miltl up there u4 a better iclta ot bow to protect celll v1 thOilt ad41QI 

ciae-balt pcua4 ot slU• per •.-n toot to the lk1D. 

- ,.~.,_ 
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XI. Radiation 

Part 2 

1. Per J. J. Loferski and P. Rappaport, "The Effect of Radiation 

on Silicon Solar-Energy Converters", R. c. A. Review XIX, 536-554 ( 1958): 

Integrated Flux of Particles Required to Reduce Solar Cell 

Power Output to 75~ of its Initial :Value. 

Particle Type 

1.7 Mev electrons 

17.6 ~v protons 

5 x 1013 (vacuum) to 1.5 x 1015 (air) 

3,5 X 10
10 

4o Mev l-particles 4.4 X 109 

2. Per John Freeman of S. U. I. 

Particle type 

5 to 10 kev 
electrons 

18o dev protons 

Integrated Flux 

13 2 
2 hrs at 3xl0 /em sec 

17 2 
= 2xl0 /em 

8 2 
5·5 hrs at 5xl0 /em sec 

13 2 
= lxlO /em 

-91~ 
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Effect 

No permanent damage (~ 
decline in short circuit 
during bombardment 
apparently due to heating 
only - subsequently run 
with 1~ output). 

35~ decline in short cir
cuit current during b~ 
bardment. 
Recovery to about ~ 
of original value after 
coolillg. 
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Radiation Situation in Outer $pace 

(Per Nature (LondOn) 184, 219-224 (1959)) 

1. In the heart of the inner zone 

9 2 
Electrons of E ) 4o kev, 2xl0 /em sec steradian 

Electrons of E 7 2 ) 6oo· kev, lxlO /em sec steradian 

4 2 
Protons of E ) 4o Mev. 1 2xl0 /em sec. 

2. In the heart of the outer zone ( 3 March 1959) 

11 2 
Electrons of E ) 4o kev 1 lxlO /em sec 

8 2 
Electrons of E ) 200 kev 1 ( lxlO /em sec 

6 2 
Electrons of E ) 2.5 l·!ev1 ( lxlO /em sec 

2 2 
Protons of E ) 6o Mev 1 ( lxlO /em sec. 

3· In the heart of the outer zone ( 6 December 1958) 

9 2 
Electrons of E ) 40 kev, 6x10 /em sec. 

Lifet1JIIea of Bare Solar Cells (to 751 of Power Output) 

l. In the heart of inner zone 

5 
~ 5xl0 sec = l!!!! (by electrons of E > 150 kev) 

6 
- 2xl0 sec = ~ 1110nths (by protons of E ) 40 Mev) 

2. In the heart of the outer zoae ( 3 March 1959) 
5 

,.., 5xl0 sec = 1 ~(by electrons of I )150 kev). 

_,,,. 
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3· In the heart of outer zone ( 6 December 1958} 

6 
,.. 5xl0 sec = 10 weeks (by electrons of E ) 150 Kev) · 

Lifetimes of Shielded Solar Cells 

2 L Extrapolated Range ot 78o kev electrons: 28o mg/cm • Such a 

shield would increase the lifetime in the inner zone to that determined 

by protons i.e. from ~ to 4 months. Sputnik III and Vanguard I 

experience probably does not counterdict this estimate· due to small 

fraction of time in heart of inner· zone. 

2. Minimum shield thickness to do any good for electrons is 

equal to the extrapolated range of 150 kev electrons = 25 mg/cm2• A 

shield of several times this thickness, say 100 mg/cm2 would stop all 

electrons of E ( 370 kev energy and would extend the lifetime by an order 

ot magnitude at least - that is to._ 10 weeks in a high intensity outer 

zone. (100 weeks for a low intensity outer zone) or to 4 months 1n inner 

zone. 

3· Intensity of low energy protons in outer zone is unknown. Since 

(by L. Daivs) there is little or no voltaic effect from bombardment of solar 

cells with 5 kev electrons (100 14 g/ci range) it might be supposed that 

there would be no effect of protons of same range, i.e. 50 tev protons 

with bare cells. A thin shield, of say 25 mg/cm2 (a la Explorer VI) would 
2 

seem prudent and 100 mg/cm quite desirable. 

Eltce!J)ts from J. A. Van Allen Memo to !f. A. S. A. 

-1J-
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XII. J)1acua11on of Solar Celli • Dr. W. wrtpt - llectro-Optics, 

Puadena, Califo:mia. 

190: 'l'be J'l41ation d.-p ..... to be a real probl.la. It il 

eatential to mov vbat the intesr&ted dose of radiation v111 be for eDY 

lllisaion. We can either simply keep it avay fran c@'ll (gl.us), or do a 

11 ttle thinking about the fuDdameDtal mechanism of the clUI88 in the 

cell. 'l'bil hat been reported in other devices . In a semicODductor, 

aillor1tr carrier Ufett..e 11 the firat thinS to be detected. 'Dle threshold 

leVels of c1alp 1D a s1licOD solar-cell are JmCMl1 and tbe7 are a bit 

aore radiation relistant than 1011e other seaicooductors • Jklt ve still aee 

u Bleb u a 25j power degraclation or output degradation vith a total 

electl'Oil fluX u 1-.ll aa 1013 elec.fea.
2 

I th1Dk it ahould be poalible 

to 4eaiSD the ai1icoo aol&r-celll to be more radiatioo re1iat1Dt b7 a 

factor of 10. Pint th1D& to be dooe 11 to detiiD it to be lett 1euitive 

to 111Jlor1 't1 carrier llfetiM. We are intereated in 1hort circu1 t current 

ud ita relation to efficienC)', anA this is soiDI to be appl"'Xiate~ 

proport1oaal to 111Dor1't7 Utetae. '1he open circuit TOltap vill be 

proportiCII&l to tbe l.Opr1thll of the lhort-circult current onr tbe 

aa"tuat1GD current. Rl41at1on vill decreue tbe thort circuit CU!'I'tllt, 

aa4 I.Dcnut tbl taturatioo CNrTUt. 'Dlil can be 11ptoft4 b7 utWiinC 

~ ~111. I tb1llk w OcNl4 be able if ve uk th11 pat1GD properlJ 

bolr ca w .ulld.se ftl41at10D reailtaDce . 

-'1~
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Coamunication ~atellite - 6 hour orbit 

Power S)"Bt. Design 

Load Prof'il.l : 

L /~6 ,,, .. fcs j 
(35" ~ duly 330 IVa :.s 

C'fc~) 

166 wa.tfs 
{ S fn,.JJ, 1 ,..,c.Je J 

-------- 6 hovr oriJ,f ~rtctd __ __,..,.. 

a, Maxiaaa dark period 1 45 llliDltel 

b, Reorientation tiM (estimated)& 10 ai111te1 

c. Aacent U•a 135 llli111tes 

d. Powr on etanda S lli111te1 

•· Load duri111 eecenta 166 •tt• 
t. For injection into loapet dark period l01d during im Ual orbit 

11 166 •tta. 

fillET 
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Z8 Voc: "Z 16 % 
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tTL!Ba11 l C.-14-(. 
v...r lremp. N ~ - c..J 

I Baffery 

Gt-ouhJ 
( ",.,,.,t>..J 
Ql,,' kl, 

1 _ P(lc-cn, .. .s 
Sfotn:lby 1iun.s,,d 

T - Telemetered data 

11 - Arra7 current 

18 - Batterr • 

EJ - Battery voltage 

/..DoJ /.otJd 

l. No allowance tor batterr or eolar arra7 redUDdanq 

2. BPtteey teapftrature controls 

a. HNt link control to •1nta1n better7 cell taperature 

at 7S! lrh. 

b. CcabiDed batter)" t.perature -voltage control to Uait 

-91-
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ELEC'lRON RADIATIOJI 'l!STS 

6xlo14 electroM/cm2 

Electron Energy Quartz Cover Shield Etticiencr at 0.39 Volta 
in Kt"· Tbickpoaa iu Ipcbla IQitial Po at 

200 0 8.18 8.23 
200 0 8.18 7.85 
400 0 8.34 5.62 
IJXJ 0 8.34 Broken 
800 0 8.34 4.11 
800 0 8.34 4.67 

200 0.010 8.18 8.-'2 
200 0.010 8.29 8.-'2 
1,00 0.010 8.34 7.28 
IJXJ 0.010 8 • .)4 6.9.) 
800 0.010 8 • .34 4.16 
800 0.010 8.34 4.)8 

200 0.040 8.29 8.28 
200 o.o~ 8.29 8.35 
400 o.o~ 8.34 8.45 
1,00 o.o-'0 8.34 8.23 
800 0.040 8.~4 BrobD 
800 o.o~ 8.34 BroaD 

200 0.070 8.29 8.23 
200 0.070 8.29 . 8.45 
400 o.O?O 8.34 8.02 
400 0.0?0 8.34 7.62 
800 o.O?O 8.34 8.2.) 
800 o.O?O 8.34 8.23 

,. 
!'It: .}#, 
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ELEC'lRON RADIATION M'lS 

15 2 
6xl0 electrons/em 

Electron Energy ~artz Cover Shield Efficiency at 0.39 Volta 
ip Key. fbicJcntn in Inchef Init!tl Post 

200 0 8.34 Broken 
200 0 8.34 5.2 
400 0 8.29 3.02 
400 0 8.12 3.24 
900 0 8.34 2.6 
900 0 8.34 2.6 

200 0.010 8.34 8.2 
200 0.010 8.34 8.4 
400 0.010 8.12 4.1 
400 0.010 8.12 3.8 
800 0.010 8.34 2.8 
800 0.010 8.34 2.1 

200 o.o~ 8.34 8.2 
200 o.o~ 8.34 8.2 
IPJ o.o~ 8.12 8.0 
400 o.o~ 8.12 7.13 
800 o.o~ 8.34 3.7 
800 o.oJ.O 8.12 4.3 

200 0.070 8.34 8.os 
200 0.0?0 8.34 8.0 
400 0.070 8.12 s.o 
IJ1J 0.0?0 8.12 a.o 
800 0.0?0 8.12 7.8 
800 0.0?0 8.12 7.8 

r;~. 5'~. 
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EL~~C'IRJN RADIATION M'IS 

6x1014 electrone/cm2 

Electron Energy ·~artz Cover Shil"ld Efficienc7 at 0.39 Volte 
in Kf'v, Tbickncee in Incnee Initial :-'ort 

200 0 8.6 s.o 
200 c 8,9 8.1 
400 0 8.4 5.2 
400 0 8.3 4.7 
800 0 8,6 3.5 
soo 0 8.7 3.2 

200 0.010 8.9 8.8 
200 C,010 S,3 7.2 
400 0.010 8.4 5.3 
400 0.010 8.7 5.00 
soo C,OlO 8,5 2.6 
800 0.010 8,6 3.2 

200 0.040 8.6 8.3 
200 0.040 8.) 7.2 
400 0.040 8,5 8.7 
400 0.040 8.9 8.9 
800 0.040 8,7 5.1 
aoo 0.040 8.6 4.6 

200 0.0?0 8,5 7.8 
200 0.070 9.1 8,2 
400 0.0?0 8,8 8.6 
400 0.070 8,7 7.8 
800 0.070 a.s 8,2 
800 0.0?0 9.2 8.7 

- r" /'I/, -1 -· 
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I 
l 
I 
I Electron Energy 

in Kev. 

2QO-
200 
400 
400 
800 
8CO 

200 
200 
400 
I.CO 
800 
BOO 

2CC 
200 
400 
I.DO 
800 
800 

200 
200 
L.OO 
400 
80C 
BOO 

ELEC'IRJN RAt·!A'fiON T~'IE 

6xlo15 electronP/cm2 

,uertz Cover Shi~ld 
Tbickneer in Inches 

0 
0 
0 
0 
0 
0 

C,ClO 
O,OlC 
0.010 
C.OlO 
0.010 
0.010 

c.o40 
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0.040 
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Efficiency at 0.39 Volta 
Initial Poet 

~.90 3.58 
9.08 4.11 
8,69 2.~3 
8.5C 1.72 
1l.73 1.14 
3.53 1.14 

9.06 7.94 
R.95 8.45 
~.82 4.33 
9.14 2.92 
9.12 1.72 
8,69 1.61 

8.65 8.12 
'3.41 6.50 
8.93 8.72 
'3.26 4.00 
9.00 2.61 
8.98 2.53 

9.03 8.40 
8.67 8.40 
8.73 2.27 
8.69 7.!39 
13.73 5.30 
9.22 8.40 
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COMMUNICATION SATELLITE 

General Electric Company 
Miuile & Space Vehicle Department 
Philadelphia, Penn1ylvania 



Solar Amx Dtlim 

Design Baeie: 

1, Paddles are eun oriented. 

2, Silicon_ solar celle - conversion efficiency at 100 mw/cm2 

(Tungsten source) at 25°C ie 9.3% 

3. Paddle temperature in light is 40°C, Output lose equals 0.61./ 

degree C or 8% due to 15°C riee ovPr 25°C. 

4, Solar rlux in space - 140 rav/cm2 

S. Reduction due to spectral distribution in spece·i~ 15% 

6. Transmission lose throuph cover glaeF is 8% 

7. Packing factor - 85% 

Combining above gi vee 

or 

140 (1-.15) (l-.08)x(l-.08)x.85 x.093 = 7,95 

--2 
.00795 x 2,54 x 144 = 7.4 watte/eq ft. 

2 rav/cm 

8, Arra7 eize tradeo~r etudiee in progreee, Approachee are: 

a, Sise arra7 to provide lllllxillua tra,..11111i t load (3.30 vatte). 

'1Wo paddles, each 3 :X 7.5 rt. 

b. Optiaul lising 11 dependant on 

-131-
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(1) Battery cycling capability (max dzing as indicated ftbove 

reeulte in leaet battery cycling, but continuous over

charge may present a problem) 

(2) Radiation protection requirement!. For seventy mil glass 

weight e~timatee are 2.3 lbe/rt2 
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BATTERY 

Description: The battery vill conail!t of 2 package!, ~ach containing 

ll serie~ connected 40 ampere hour sealed rectangular 

nick~l cadmium cells, The tvo ll cell packagee vill also 

&'ER REwUIRf.MEN'lS 

be P.eri~e connected, and the ovPrall battery open circuit 

voltage vill be 28.6 volte. F.ach ll cell packaRe vill 

veip-ht approrlmately 60 lbe, and the individual package 

dimensions are expected to be 8" height x 6" vidth 

x 18" length, The 11 cell pAckage caee vill be mede of 

magneeium and th~ arranrement of the cells vi thin each 

packaFe vill beo based on heat tranerer ae vell !1.! electrical 

considerations. The individual cell cases vithin the 

battery vill be electrically insulated rrom •ch other 

as vell as from the batt~ry packare •,:neeium case. 

Ascent !'hue: During the ascent phase th~ batteey mu.st suppql66 wtta 

for 135 !d111tes. At the min!Jul dhchar,e voltace ot 23.S 

volt!, the battery111.1st therefore supply 1S.9 qpere hours 

at a 7.05 ampere diacbar~e rate, 

Orbit Fhaae: During the ~ hour orbit the battery ~mat auppq )30 wtta 

tor a maxillua or SS llirutea or approxiateqlJ apere 

hours. There ie to be a 72 llli111te period durinc ...tlicb 
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time the battery will float electrically acrose ~ 

bussee. During the remaining 2)4 minutes the battery 

will be rf'charged approximately 15.6 ampert~ houre which 

is a 20~ overcharge. This 20% ie the minimum ovem barge 

for any 6 hour orbit. During a eonaiderable period or 

the year, the battery muet withstand 100% continuous 

overcharge without degradation, 

BatterY Si;ing - The li:ni ti!lF factor in sizing the battery ie the charge 

rate, At th~ preeent state or th~ art, a 10 hour charge 

rate is considered maximum. Applying thie figure to the 

following equation which ie ei~ilar to thet projected by 

V. Thoma~ of Bell Laboratories the capacity or the battery 

must bf' 40 A, H. 

C = IL He [ t ( i -+ f.> ) ] 
C = Capacity of the battery in Ampere houre. 

IL = Load current suppliert b7 battery = 14 amperes 

He = MBxi!IIDil permiPPible charp:ing rate in hourP, 

This is t~e time which mu!t be taken to charge 

th~ battery from 0 to 1~. 

f= Battrrx Piecbarr• till 
Battery Charge TiiDt 

=...51. 
2)4 

I = M1nimua overcharge necessary for a continuoue 

qcling program. 'lbb if! a traction of' the oapac1t1 

raoved on diecharge. At the preeent etate of the 

art 0.2 is considered a reaFonable fi,ur~. 

&:£GRE-Y 
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c = (14 ampere) (10 hours) r ~ (1 + .2)] 
/234 

C = 39. 5 ampere hours. 

With a battery of 40 ampere h~ capacity the %depth 

13 ) of discharge during orbit will be 32.5. ('m • Thie 

batter7 will be able to suppl7 the ascent requirement 

of 15. 9 A. H. plus the ls t orbital requirement of 

13 AH or a total of 28.9 AH, and still have considerable 

reserve. 

· SEIIET 



l 
~EtiEf 

Preliminary Automatic In1trumentation 

Preliminary in1trumentation for automatically takin1 Solar Cell V-I 
characteri1tic1 over the temperature ranae of Z00°F to +l25°F at 
each 50° point in the ranae. 
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• 

Window• U~ed in Fint Solar Cell Irradiation 

Window• u .. d in fint 1olar cell irradiation with GEL 1 Mev. Electron 
Accelerator, 1howin1 the effect of radiation on quart&. Window•, from 
top to bottom, are 0. 01 0" 0. 040", and 0. 070" thick. 

- /'flf
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Arrangement of Silicon Solar Cell• on Mounting Plate 

Arrangement of 1ilicon aolar :el11 on mounting plate for irradiation u1ing 
GEL 1 MEV. Electron Accelerator. View •bowing, top to bottom four 
cover condition• -- 0, 0, 01 0", 0. 04011 , and 0. 070" quarts window•. 
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